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During August 1942, Dr E. Walker’s sudden death 
came as a considerable shock to all who knew him 
and occurred while he was still a member of the 
Committee of the Biochemical Society. 

Born in 1900, he was the son of a Liverpool corn 
merchant, but was left an orphan early; both 
parents died when he was nine years old. He was 
educated at Pinner School and the Liverpool Col- 
legiate School, and left at the age of seventeen to 
join the Army (The Artists’ Rifles). Returning from 
the war, in 1919 he studied chemistry at Liverpool 
University under the inspiration of Prof. E. C. C. 
Baly. 

In 1920, he came to the Biochemical Laboratory, 
Cambridge, to work as assistant to Dr R. A. Peters 
upon problems of chemical constitution and physio- 
logical action in relation to Chemical Defence Re- 
search. This work was continued after 1923 in the 
Department of Biochemistry, Oxford, whence he 
accompanied Dr R. A. Peters and became a member 
of St John’s College. This research formed the basis 
of his thesis for the M.Sc. Liverpool, and the D.Phil. 
(Oxford) degree which he took while temporarily 
employed at the Government Experimental Station 
at Porton in 1927. During this period, a funda- 
mental contribution on the physical chemistry of 
mustard gas and related compounds in relation to 
vesication was published (Biochem. J. 1923, 17, 260, 
with R. A. Peters). He also developed earlier work 
by McCleland and Peters upon the toxicity of ter- 
and pentavalent arsenical compounds to Protozoa 
(Biochem. J. 1928, 22, 292). Some of the work of 
this period was inspired by that of Sir F. G. Hopkins 
‘upon sulphydryl compounds, particularly his re- 
search work upon the fixed —SH group in muscle 
tissue (with M. Dixon). In especial Walker worked 
out a nitroprusside test for —S—S— groups, using 
cyanide, and located the extent of the layer in skin 
showing the nitroprusside reaction. It was this 
research which led to the important discovery 
(independently and about the same time as Voegtlin) 
of the effect of an —SH compound (monothio- 
ethylene glycol) in reversing the action of diphenyl 
arsenious oxide upon ciliates. 

After a temporary interlude at the Experimental 
Station, Porton, he returned to Oxford in 1928 and 
proposed at first to qualify in medicine. Subse- 
quently, however, he gave up this plan and settled 
down as a Demonstrator, occupying the post of 
Departmental and then University Demonstrator 
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Obituary Notice 


ERNEST WALKER (1900-1942) 


until the end. He also undertook the secretarial 
work of the Department; here he devoted himself 
to promoting successfully its efficiency by his con- 
tinual and unselfish attention to its interests as a 
whole, and skill in administrative detail. The stu- 
dents owe much to his attention to the smooth 
running of the classes, as also to his constant interest 
in teaching fundamentals. The development of the 
courses for the Supplementary Subject in Bio- 
chemistry for the Final Honour School fell to him, 
and he was responsible for teaching the Micro- 
biological Biochemistry. 

In the period from 1928 to 1940, Dr E. Walker 
published several papers, on a variety of subjects, 
several with junior pupils and colleagues, though 
much of his constant labours did not see the light. 
Becoming suspicious of the Pettenkofer reaction as 
an indication of the presence of bile salts in normal 
blood, he found that this was due to cholesterol 
oleate, which he isolated (Biochem. J. 1930, 24, 
1489). With A. R. Armstrong (Biochem. J. 1932, 
26, 143) he identified the substance in pregnancy 
urine giving Knoop’s test, as histidine, a piece of 
work which seems to have been overlooked by some 
recent workers. Returning to sulphydryl com- 
pounds, he studied (with A. Todrick) the effect of 
allyl isothiocyanate upon cysteine, isolating the 
compound formed; at the same time and inde- 
pendently of Anson and Mirsky they developed a 
method (differing from their own) for estimating 
the sulphydryl groups in protein, which was applied 
to ovalbumin and albumin, also myosin (Biochem. J. 
1937, 31, 297). In his later work he turned to micro- 
biological biochemistry. With F. L. Warren, he 
worked upon the decomposition of cellulose by 
Cytophaga I (Biochem. J. 1938, 32, 31). Chemical 
advances in a difficult field were here made with 
this organism, which has so unique an appetite for 
cellulose; characteristic was the realization of the 
biological importance which may be played by 
oxycellular mucilage in the humus of the soil. His 
final publication with W. H. Maguigan (Biochem. J. 
1940, 34, 804) was concerned with the sterol meta- 
bolism of yeast; this formed part of a more ambi- 
tious programme, some of which has not yet been 
published, and broke new ground of importance. 
Facts were established about the time of origin of 
sterol and about precursors. During this war, 
Walker was engaged upon problems in connexion 
with the disposal of sewage; but much of his time 
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latterly was occupied in administrative problems 
and in the early development of the Oxford Nutri- 
tion Survey, which owes much to his wise guidance. 
Appraising the work as a whole, we realize the 
careful chemical interest in completion, combined 
with a wide knowledge and appreciation of bio- 
logical applications; he had learnt fully the neces- 
sary physiology and bacteriology required. It 
indeed seems that his studies on micro-organisms 
were only at an initial stage. 

The Secretary has told me that as a member of 
the Committee of the Society, Walker displayed a 
quiet ability combined with a sense of humour that 
proved to be invaluable in finding a way through 
the complicated results of a discussion on procedure 
or the like. His complete familiarity with the rules 
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of the Society and of syntax alike could on occasions 
be a little disconcerting but extremely helpful. 

Quiet and modest in manner, unfailingly honest 
in his judgements and dealings with men, he proved 
a wise, independent-minded, courageous and re- 
spected counsellor in the laboratory. He had the 
capacity for carrying through administrative detail 
without appearing flurried or perturbed; in part 
this was due to an unfailing sense of humour which 
never deserted him, and which so often proved 
disconcerting. One of his many hobbies was chess 
playing. 

In 1932 he married Dr Vera Reader, whose work 
upon nutritional problems is well known to bio- 
chemists, and is survived by his wife and two 
children. R. A. PETERS 


The Enzymic Production of Levan 


By S. HESTRIN, 8S. AVINERI-SHAPIRO anp M. ASCHNER, Chemistry Department, Cancer 
Laboratories, and Department of Hygiene and Bacteriology, The Hebrew University, Jerusalem 


(Received 10 April 1943) 


This paper describes the preparation and study of 
cell-free levan-synthesizing enzyme systems (levan- 
sucrase) from two bacterial species [cf. Aschner, 
Avineri-Shapiro & Hestrin, 1942]. A particularly 
convenient source of synthesizing enzyme has been 
found in a newly isolated non-sporulating bacterium 
to be referred to as Aerobacter levanicum. Recently 
Hehre has achieved the cell-free synthesis of dextran 
by the action of an enzyme isolated from Leuconostoc 
mesenteroides [Hehre, 1941; Hehre & Sugg, 1942; 
Stacey, 1942]. Levan- and dextran-synthesizing 
enzymes are thus now available in sterile form. The 
two principal polysaccharides which bacteria form 
specifically from sucrose may henceforth be in- 
cluded, together with glycogen and starch, in the 
category of macromolecular materials whose pro- 
duction can be effected in vitro at will. 


Nomenclature 


Beijerinck [1910, 1912] coined the word viscosaccharase 
in generic designation of enzyme systems which mediate 
polysaccharide-gum production from sucrose. We propose 
to designate individual enzymes within this group in each 
case in accordance with the polysaccharide whose produc- 
tion is catalysed. Thus for levan-synthesizing enzyme: 
levansucrase; for dextran-synthesizing enzyme: dextran- 
sucrase, Since the viscosucrases are very different in speci- 
ficity from phosphorylase, the enzyme whose activity 
mediates the production of starch or glycogen, it seems 
correct to retain for the dextran- and levan-synthesizing 
systems the nomenclature and classification proposed by 
Beijerinck. It should not be overlooked, however, that the 





over-all processes of levan and dextran production fit ill in 
any recognized class of carbohydrate-mediated reactions. 
The assignation of the dextran- and levan-synthesizing 
enzyme group to the sucrases can therefore at best be only 
tentative. ? 

The enzymes of levan hydrolysis are, as will be shown 
elsewhere, distinct from levansucrase. They belong by de- 
finition, together with inulase, to the class of polyfructo- 
sidases. They may conveniently be referred to, therefore, 
as levanases. 


EXPERIMENTAL 


Bacterial strains used. Three bacterial strains were selected 
for investigation after preliminary trials with a sucrose-agar 
medium had indicated their excellence as levan formers. 
The first was Bacillus subtilis, Marburg strain, the levan of 
which has been the subject of extensive chemical study 
[Hibbert & Brauns, 1931]. This species is typical of a large 
group of sporulating bacteria which induce levan deposition 
in sucrose-agar medium at a distance from the actual 
growth site of the colony. The second organism selected 
was an aerobic gas-producing spore former received from 
the National Collection of Type Cultures under the name 
B. polymyxa (Prazmowski) Migula [B. asterosporus (Meyer)] 
N.C.T.C. no. 4744. It differs morphologically in the mode 
of its levan production from organisms of the B. subtilis 
type, depositing levan in sucrose medium at the cell-medium 
interface in the form of a giant capsule. The third test 
organism was a lactose-fermenting non-sporulating bac- 
terium isolated from a fruit-tree root in Jerusalem. Like 
B. polymyzxa it produced levan at the cell-medium interface 
only. The organism is actively motile, possessing peritri- 
chous flagella. It ferments glucose, fructose, lactose, 
sucrose, raffinose and mannitol with the production of acid 
and gas, but ferments glycerol, inulin and levan with pro- 
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duction of acid only. The gelatine liquefaction test, and the 
methyl-red and citrate tests were all negative, and the 
Voges-Proskauer reaction positive. The organism therefore 
appeared to belong to the Aerobacter group. We propose for 
jt the name A. levanicum. 

Estimation of levan. Levan is defined for the purposes of 
this investigation as material precipitable by 72% ethanol 
and hydrolysable to fructose by hot dilute acid of pH 2-0. 
A method was required which would permit a fairly precise 
assay of levan, as thus defined, to be made in small amounts 
of fluid when large amounts of sucrose or reducing sugar 
are also present. A satisfactory method was developed 
from data given for Bacillus subtilis levan by Hibbert, 
Tipson & Brauns [1931]. 

The following procedure was adopted: 1-0 ml. test solu- 
tion is added to 3-0 ml. ethanol in a centrifuge tube of 
15 ml. capacity. As a rule all levan present separates 
immediately as a flocculent sediment. If flocculation is 
slow, it can be hastened and rendered quantitative by the 
addition of a drop of 1% CaCl,. The suspension is centri- 
fuged, and the sedimented levan is freed from reducing 
sugar and sucrose residues by twice-repeated solution in 
H,O over a water-bath and precipitation each time with 
ethanol. Addition of a glass bead to the mixture facilitates 
these operations. The final sediment is taken up in 3-0 ml. 
05% oxalic acid and complete hydrolysis effected by 
heating in a boiling water-bath for 1 hr. Evaporation is 
restricted during this treatment by placing a glass bulb at 
the tube aperture. The hydrolysate obtained is neutralized, 
cleared with Zn(OH),, and diluted to a suitable volume. 
The reducing power of the filtrate is estimated by the 
method of Somogyi. The amount of levan is calculated 
from the ‘glucose value’ by multiplying by a factor which 
allows both for the small difference in reducing power be- 
tween glucose and fructose, and for the entry of H,O during 
hydrolysis, The efficacy of the method was controlled on 
solutions of leyan from B. ‘subtilis of known concentration. 
Assays in the range 40-400 mg./100 ml. yielded results 
reproducible within about 5 mg./100 ml. Since the method 
measures ethanol-precipitated labile furanosidic polysac- 
charide as distinct from less easily hydrolysed pyranosidic 
polysaccharide, it is of high specificity. 

A rapid qualitative spot-test for polysaccharide in the 
agar gel medium was found useful. It is based on obser- 
vation of the turbidity change undergone by pieces of agar 

gel when they are immersed in methanol. If they contain 
levan they rapidly become milky white in the area of levan 
deposition. 

Estimation of fructose. Fructose was determined by 
means of the specific reducing action of the keto-hexose on 
phosphomolybdotungstic acid. Reaction conditions indi- 
cated for method (1) of Davidson, Kermack, Mowat & 
Stewart [1936] were adopted, and the concentration of 
fructose was estimated colorimetrically against solutions of 
known fructose concentration similarly treated. Measure- 
ments were made in a Pulfrich photometer using filter S61. 
Over a wide range of concentration the extinction values were 
found to be a linear function of the fructose concentration, 

Sterility of enzyme reaction mixtures. Numerous sterility 
controls were carried out. In the experiments with B. sub- 
tilis enzyme, the danger of contamination was very great 
and strict asepsis had to be practised at all steps of the 
test. In the experiments with Aerobacter enzyme sterility 
was successfully maintained by the addition of a drop of 
thymol in chloroform to the mixtures. Enzyme prepara- 
tions and reaction mixtures were considered sterile only if 
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direct microscopic examination and growth tests using both 
heavy and diluted inocula at the beginning and at the end 
of the experiments gave a uniformly negative result. Ex- 
periments in which contamination occurred were rejected. 


RESULTS 
A. BACILLUS SUBTILIS 
Production of levan by living cells 


Cultures of B. subtilis, grown in fluid medium con- 
taining sucrose, caused the appearance of a marked 
opalescence and an increasing viscosity associated 
with the appearance of a polysaccharide whose 
behaviour when isolated was that of typical levan. 
The concentration level of levan in the medium 
depended on the conditions of the experiment [cf. 
Cooper & Preston, 1935]. It was particularly high 
in a medium which ensured a uniform supply of 
sucrose and a continuous removal, by dilution, of 
reaction products other than levan. To this end 
B. subtilis was inoculated into buffered 0-25 % pep- 
tone in phosphate solution contained within a 
cellophane sac suspended in a large volume of 10% 
‘sucrose in 0-25% peptone. After 4 days at 30° the 
concentration of levan in the internal phase had 
reached a record level of 12°-5%; outside the sac, 
the levan content remained nil. 

In sucrose-2°5 % agar medium, growth of B. sub- 
tilis and similar species is remarkable because of the 
appearance of a peculiar non-continuous coacervate 
pattern at a considerable distance from the actual 
growth site of the colony [Beijerinck, 1912]. Levan 
powder sprinkled on the sucrose agar diffused 
through the medium only very slowly and failed 
altogether to form within it characteristic coacer- 
vate patterns of the type observed near B. subtilis 
colonies. There seemed to be strong evidence, there- 
fore, that levan coacervation at a distance from the 
bacterial colony growing on sucrose agar is due to 
the activity of a diffusible enzyme within the region 
involved. Resting cells of B. subtilis grown on 
sucrose medium and suspended in pure sucrose 
solution synthesized levan actively. In peptone 
cultures containing levan as sole source of carbo- 
hydrate, B. subtilis grew satisfactorily with forma- 
tion of much acid. 

Specificity. Corresponding substrate specificity in 
levan production between the strain of B. subtilis 
here employed and that studied by Harrison, Tarr 
& Hibbert [1930] was noted. In the experiments 
with our strain, a resting-cell technique was em- 
ployed. Mixtures were composed of 0-4 ml. physio- 
logical saline containing the thoroughly washed cell 
crop of 10-0 ml. sucrose-peptone cultures of B. sub- 
tilis (harvested after 10 days of growth at 30°) and 
1-0 ml. of sterile 1-0 M solution of sugar in Sérensen 
phosphate buffer pH 6-8. Levan assays were carried 
out both at the beginning of the experiment and 
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after 2 days’ incubation at 30°. Glucose, fructose, 
invert sugar, trehalose, maltose, melezitose, and 
methyl-8-fructofuranoside (syrup preparation after 
Menzies [1922]) failed to support levan production. 
Sucrose and its galactoside raffinose, on the other 
hand, were readily built up into levan. Inulin was 
fermented by the cells with formation of some re- 
ducing sugar. Levan coacervation was not evident, 
however, in inulin agar on which B. subtilis was 
grown (cf. also Streptococcus salivarius [Niven, 
Smiley & Sherman, 1941}). 

The negative findings with methyl-8-fructo- 
furanoside and inulin are in apparent disagreement 
with a generalization on levan production formu- 
lated by Harrison et al. [1930]. This states that 
substances with a fructofuranoside terminal unit, 
hydrolysable by fructosidases, are suitable indirect 
substrates of levansucrase activity. Experiments 
with cell-free enzyme preparations may elucidate 
this question. 


Experiments on cell-free levansucrase 
from B. subtilis 


Sterile Seitz filtrates of B. subtilis cultures in fluid 
sucrose medium failed to produce levan in a de- 
tectable amount. It was concluded either that 
levansucrase in the fluid culture is predominantly 
endocellular or that it is exocellular but absent from 


the filtrate because it is adsorbed during filtration 
on the Seitz filter pad. The situation in sucrose-agar 


medium is very different. Here levansucrase is 
actively secreted into the medium and can be effec- 
tively separated free from living cells by means of 
a technique of selective diffusion through agar gel 
originally invented by Beijerinck [1912]. 

Pieces of sterile agar medium composed of 0-5 % 
peptone, 0-1% K,HPO, (pH 7-2), 2-5% agar and 
2-5% sucrose were laid out on a Petri dish and 
covered by corresponding pieces of gel medium 
similarly compounded but without sucrose. The 
pieces were about 1 cm. square and 3 mm. in thick- 
ness. B. subtilis was sown in heavy inoculation in 
the central area of each top piece. After incubation 
for 24 or 48 hr. at 30°, the top layers were aseptically 
removed. The sterile bottom layers contained levan- 
sucrase. 

Pieces of agar containing levansucrase prepared 
as described were suspended in several volumes of 
4% sucrose solution at 37°. Large amounts of re- 
ducing sugar appeared in the medium and there 
was a progressive increase in turbidity and viscosity 
with the formation of a non-reducing substance 
precipitable by 72% ethanol and hydrolysed in hot 
dilute oxalic acid with liberation of fructose. After 
12 hr. incubation, 300 mg. levan/100 ml. were de- 
monstrable in the fluid phase as against virtually 
none in the fluid phase of control suspensions con- 
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sisting of similar pieces of agar in H,O. The control 
and test mixtures remained sterile. It was therefore 
clear that production of levan had been accom- 
plished in the absence of living cells. 

Attempts to extract the B. subtilis levansucrase 
from the pieces of agar met with only limited suc- 
cess. Enzyme-containing pieces of agar, prepared 
as described above, were ground up with 4 % sucrose 
solution. A particle-free fluid which possessed syn- 
thesizing activity was separated from the mixture 
by centrifugation. After incubation for 24 hr. at 
30°, this sucrose eluate contained 61 mg. levan/ 
100 ml.; a boiled saraple similarly incubated was 
found to be almost devoid of levan. In both cases 
the solution remained sterile. 

Diffusion of levansucrase and enzymically induced 
formation of levan as a coacervate in agar gel. It'is 
evident from the method of preparation that levan- 
sucrase is secreted into sucrose agar by growing 
cells of B. subtilis, the secreted enzyme diffusing 
through the agar. To demonstrate this, a levan- 
sucrase-impregnated piece of agar was placed on a 
similarly sized piece containing sucrose but devoid 
of enzyme. After 15 min. at room temperature the 
top piece was removed and the bottom piece, which 
at this time contained no sign of levan, was incu- 
bated at 30° for 24 hr. Although the bottom piece 
remained sterile, a typical levan coacervate was 
found throughout its interior at the end of the 
incubation. Further trials involving several super- 
posed layers of agar suggested that the rate of 
diffusion of measurable amounts of levansucrase 
through sucrose agar at room temperature was at 
least 0-1 mm./hr. (cf. Table 2). These results explain 
the ability of living B. subtilis to induce formation 
of levan coacervates in agar at a distance from its 
site of growth. 

Effect of sugar on levansucrase production. Pre- 
sence of sucrose within the growth medium is a 
prerequisite for production of levansucrase by 
B. subtilis. When this organism was grown on an 
agar medium devoid of sugar or containing maltose 
or glucose instead of sucrose, the levansucrase 
activity of the gel medium was found to be nil. The 
secretion and probably also the formation of levan- 
sucrase by B. subtilis in agar medium would appear 
from this result to be strictly adaptive. Cells har- 
vested from broth cultures actively produced levan 
when suspended in sucrose solution if the latter had 
also been present in their growth medium, but 
produced little if any levan from sucrose when 
harvested from broth containing invert sugar as 
the sole carbohydrate. 

Stability of the enzyme. The enzyme is thermo- 
labile and is completely inactivated by brief ex- 
posure to 100°. Trituration under ethanol and 
acetone followed by rapid desiccation did not 
deprive levansucrase-impregnated agar of synthe- 
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sizing power [cf. Dienes, 1935]. By this treatment 
the enzyme could be obtained in a form suitable 
for prolonged storage. 


B. BactnLus POLYMYXA 
Production of levan by living cells 


The growth of B. polymyzxa in fluid culture media 
containing sugar is associated with increases in 
viscosity and opalescence which are particularly 
marked when the medium contains sucrose. The 
cells are found enclosed within a capsule which is 
large when sucrose, and small when another sugar, 
e.g. glucose or lactose, is the sole source of carbo- 
hydrate. The polysaccharide formed in the sucrose 
medium was separated by ethanol precipitation 
after partial removal of cells by centrifugation. 
After repeated solution in H,O and precipitation 
by ethanol, the sticky precipitate was converted 
into a friable powder by trituration under methanol. 
In the ease with which it could be hydrolysed, 
liberating fructose, it resembled B. subtilis levan. 
The polysaccharide formed by B. polymyxa from 
lactose, on the other hand, was.of a different type. 
This product, itself non-reducing, failed to form 
reducing sugar when heated in N/100 acid, and 
formed reducing sugar only when hydrolysed by 
hot 2N HCl (cf. Chromobacter viscosum [Carruthers 
& Cooper, 1936]). 

Discontinuous patterns of coacervated levan were 
not induced in sucrose agar on which B. polymyxa 
was grown, although the cells themselves were found 
embedded in a fluid mass from which levan has been 
isolated in good yield. Tests on pieces of gel from 
the vicinity of the cell colonies, carried out as 
described in the section on B. subtilis enzyme, failed 
to demonstrate the presence of levansucrase in the 
gel medium. Levansucrase is therefore obviously 
present in B. polymyxa, but is endocellular, unlike 
the enzyme in B. subtilis and other levan-producing 
spore-formers on sucrase-agar medium. Peptone 
medium containing levan (formed by B. subtilis or 
B. polymyxa) as the source of carbohydrate sup- 
ported active growth of B. polymyxa with vigorous 
production of acid and evolution of gas. 


C. AEROBACTER LEVANICUM 
Levan synthesis with living cells 


In a fluid medium with sucrose or raffinose as 
the source of carbohydrate, A. levanicum became 
heavily encapsulated, and the increase of viscosity 
and opalescence of the medium was found to be 
associated with the appearance of a levan. This was 
not bound to the cells, and was isolated by rapid 
centrifugation to remove cellular material, followed 
by precipitation in 75% ethanol and trituration of 
the gummy precipitate with absolute methanol. 
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The white powder thus obtained gave viscous 
opalescent aqueous solutions and yielded fructose 
on heating in 0-5 % oxalic acid. The cells were not 
encapsulated nor was the polysaccharide formed 
when disaccharides other than sucrose and raffinose 
constituted the source of carbohydrate in the 
medium. Negative results were also obtained with 
invert sugar and all common hexoses. 

When A. levanicum was grown on sucrose agar, 
discontinuous patterns of coacervated levan were 
not seen within the gel. The cells themselves, how- 
ever, were found entirely and deeply embedded in 
a viscous semi-fluid mass from which polysaccharide 
material having the properties of levan could be 
isolated in high yield. 

A. levanicum on a medium containing levan as 
the sole source of carbohydrate grew slowly with 
some formation of acid but not of gas. Resting 
cells of A. levanicum were active levan producers 
(Table 3). Strains of A. aerogenes ferment sucrose 
and raffinose but, unlike A. levanicum, failed to 
induce levan production. 


Levan synthesis with dried cells 


After 2 days’ growth at 30°, cells were harvested 
from 50 ml. nutrient broth containing 4% sucrose. 
Immersion of the thoroughly washed cells in ethanol 
and ether, followed by rapid desiccation in vacuo, 
converted them into a dry sterile powder. When 
suspended in 2-0 ml. sterile 5% sucrose at 37°, the 
cell powder induced formation of levan to a level 
of 324 mg./100 ml. within 20 hr. When an equal 
amount of powder was suspended in H,O instead 
of sucrose, only negligible amounts of levan were 
demonstrable after the same period. 


Experiments on cell-free levansucrase 
from A. levanicum 


Attempts to isolate levansucrase from A. levani- 
cum by methods dependent on ultrafiltration, e.g. 
the technique of selective diffusion in agar as applied 
in the case of B. subtilis, were negative. Levan- 
sucrase in A. levanicum appeared to be entirely 
endocellular. Methods of direct preparation from 
the cell itself were in this case feasible, since 
A. levanicum was readily killed by treatments which 
were not destructive of its activity towards sucrose. 
By ethanol-ether treatment or by autolysis in the 
presence of thymol and chloroform, sterile prepara- 
tions of levansucrase could be obtained which 
possessed good synthetic power and were suffi- 
ciently stable for quantitative study. 

Levan synthesis with cell autolysate. Preparation 
in this form was possible by autolysis of the cells in 
the presence of thymol and chloroform. The fol- 
lowing routine was adopted: A. levanicum was 
cultivated in 1 1. conical flasks at 30° in a two-phase 
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medium consisting of a bottom solid layer of nu- 
trient agar devoid of sucrose, and a thin top layer 
of 2% aqueous sucrose. After 20 hr. the cells were 
harvested, rinsed repeatedly in H,O to free them 
from medium constituents and levan, and finally 
left to autolyse at 37° under H,O containing a little 
thymol and chloroform. The volume ratio of culture 
medium to autolysate fluid was 100:1. After 24 hr. 
autolysis, the suspension was sterile. The dry- 
matter content of the faintly opalescent supernatant 
fluid from the autolysate was approx. 0:3%. If 
properly prepared it was entirely free from visible 
suspended particles. It contained no levan and did 
not reduce Fehling’s solution. It had little or no 
protein precipitable by trichloroacetic acid. It con- 
tained constituents which reduced I, in alkaline 
medium; they were neither removed by dialysis nor 
by clearing with Zn(OH),. The fluid rapidly de- 
colorized alkaline permanganate in the cold. 

In sucrose solution buffered at pH 5-0, to which 
a little thymol in chloroform was added to maintain 
sterility, the autolysate induced progressive changes 
similar to those described above for B. subtilis 
levansucrase. The solution mixtures, which re- 
mained uniformly sterile, showed a progressive 
accumulation of levan polysaccharide (see Table 1). 
The rate of reaction was maximal at the outset of 
incubation, and then fell off rapidly. Within the 
first hour the fluid autolysate, in a mixture com- 
posed as indicated in Table 1, synthesized about 
100 mg. polysaccharide/100 ml., i.e. an amount 
approximately equal to the dry weight of enzyme 
used. The activity of different lots of enzyme varied 
however, being dependent among other things on 
the number of bacterial cells harvested. 


Table 1. Formation of levan, reducing sugar, and 
associated changes in viscosity, induced by an 
autolysate of Aerobacter levanicum in sucrose 
solution 


Mixtures: 1-0 ml. supernatant enzyme fluid; 1-0 ml. 15% 
sucrose; and 1-0 ml. Sérensen Na-citrate buffer pH 5-0. 
Temp. 37°. 

Viscosity was determined in an Ostwald viscosimeter. 


Reducing 
sugar 
as mg. 
Relative — glucose/ 
viscosity 100 ml. 


0 0 1-00 0 
120 248 1-06 820 
255 330 1-12 1110 
345 341 1-17 1285 


Ratio of 

reducing 

sugar to 
levan 


Levan 

bation as mg. 
time glucose/ 
min. 100 ml. 


Incu- 


The changes noted failed to develop in the ab- 
sence of sucrose, or with boiled enzyme. Dialysis 
against distilled H,O left the activity of the auto- 
lysate towards sucrose unchanged. The catalytic 
properties of the cell extracts must be ascribed, 
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therefore, to the action on sucrose of an enzyme 
system, levansucrase, which is typically thermo- 
labile and non-dialysable. 

The amount of reducing sugar liberated is con- 
siderably larger than the amount of fructoside 
material found as polysaccharide (Table 1). In no 
experiment was the ratio of reducing sugar to levan 
appreciably less than 3, and it was frequently 
greater. The ratio of reducing sugar to levan as 
shown by Table 1 is variable, and rises markedly 
with increasing incubation time. Both glucose and 
fructose can be identified in the reducing fraction. 
Moreover, Aerobacter strains other than that here 
described readily ferment sucrose and raffinose 
though they form no levan from these substrates. 
It may be assumed, therefore, that side by side 
with a levan-forming enzyme there is present in 
A. levanicum autolysate an ordinary invertase. It 
is still undecided whether the latter is indispensable 
to the process of levan formation [cf. Owen, 1923; 
Harrison et al., 1930; Norman, 1937]. 

Diffusibility of levansucrase from A. levanicum 
and deposition of formed levan in agar gel. Levan- 
sucrase of A. levanicum, unlike that of B. subtilis, 
is non-diffusible in 2-5% agar gel. An experiment 
which shows the difference in diffusibility between 
the sterile levansucrase of the two bacteria strains 
is given in Table 2. This finding suggests that 
levansucrases of B. subtilis and of A. levanicum 
respectively are of different micellar size. 


Table 2. Diffusibility of levansucrase of Bacillus 
subtilis and Aerobacter levanicum in agar gel 


Levan reaction at various 
depths of agar gel 


0-2 6-8 


mm. 


2-4 
mm. 


4-8 
Agent mm. 
B. subtilis: 
Living cells te ++ 
Levan powder ~ - 
Levansucrase (gel) 


A. levanicum: 
Living cells 
Levan powder 
Levansucrase (fluid) 
Levansucrase 
(cell-residue) 


+ 
_ 


+ 
ob 
++ 
++ 


2mm. layers of 2-5% agar gel containing 4% sucrose 
were superposed and the source of levan allowed contact 
with the top layer. Tests for levan were carried out on the 
different agar layers after 24 hr. incubation at 30°. 
+, positive levan reaction; —, negative levan reaction. 


When A. levanicum autolysate is left in contact 
with sucrose-agar gel under sterile conditions for 
several days, levan is formed, which is particularly 
concentrated in the fluid layer immediately above 
the gel, and is in greater dilution throughout the 
fluid phase. A very thin layer of levan is deposited 
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at the gel-enzyme interface, but. no levan is found 
in the agar at depths greater than 1:0mm. It 
seems therefore that the conditions of this experi- 
ment correspond with those which are associated 
with capsule formation in living cultures. 

Effect of sugar on levansucrase production. In 
B. subtilis the production of levansucrase is adap- 
tive, but in A. levanicum its production is consti- 
tutive (Table 3). The levansucrase activity of cells 
from media containing sucrose or invert sugar is 
seen to be very similar. From media without added 
sugar, enzyme preparations of lower activity were 
obtained, probably because cell growth in the 
absence of carbohydrate was poor. 


Table 3. Effect of sugar on production of 
levansucrase by Aerobacter levanicum 


Levan 
formation 

Synthesizing Sugar in from sucrose 

Exp. agent medium mg./100 ml. 
A Resting cells Sucrose 204 
Invert sugar 208 
B Autolysate Sucrose 140 
Invert sugar 100 
None 34 


50 ml. broth, containing 4% of the test sugar (if present), 
were incubated, after inoculation, for 2 days at 30°. The 
cell harvest (or the autolysate therefrom) was suspended 
in 3 ml. 0-9% NaCl and sucrose added to a final concentra- 
tion of 5%; the mixture incubated for 20 hr. at 37°. In 
resting-cell mixtures antiseptic was not added. Levan was 
determined on mixtures cleared by centrifugation. In the 
absence of sucrose, levan content was nil. 


Stability of enzyme. Levansucrase from A. levani- 
cum possesses considerable stability and its solutions 
should prove well suited for chemical manipulation 
with a view to enzyme purification. Experiments 
showing the potency of the enzyme solution after 
storage at different temperatures are summarized 
in Table 4. 


Table 4. Stability of solutions of 
Aerobacter levansucrase 
Activity of enzyme 
(mg. levan/100 ml. 
formed in 20 hr. 
at 37°) 


241 
243 
248 
258 
245 
228 
215 
153 

100 5 min. 0 

Mixtures contained 1-0 ml. enzyme fluid; 1-0 ml: sucrose 

15%; 1-0 ml. Na-citrate buffer (Sérensen) pH 5-0. 


Conditions of storing 
of enzyme 


Temp. (°C.) 
t 


Time (days) 


bo 
bo 


99 
aa 


30 


37 


Sw Aw Qrb 
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It has already been noted that cell-bound enzyme 
remains active after exposure to sterilizing treat- 
ment with ethanol and ether. The soluble enzyme 
is similarly stable. Its solution added to 3 parts of 
ethanol, with addition of a drop of dilute CaCl,, 
deposited a light voluminous precipitate which, 
after separation by centrifugation and resolution in 
water, showed a synthesizing activity about one- 
half that of the original solution. Enzyme powder 
suitable for prolonged storage has also been ob- 
tained by desiccating the autolysate in the frozen 
state in high vacuum; there was some loss of 
activity. 

Nature of polysaccharide produced by levansucrase 
from A. levanicum. More than 9 g. polysaccharide 
material have been prepared in the course of this 
work by the action of a solution of the enzyme on 
sucrose under conditions of strict sterility. This 
material has been converted into a powder by tritu- 
ration under methanol. The material was non- 
reducing to Fehling solution, N-free (Lassaigne), 
not hydrolysed by yeast invertase, and gave no 
colour reaction with I,. Its aqueous solutions, in 
contrast to those of inulin, were markedly turbid 
and viscous, and did not yield reducing sugar on 
boiling in neutral solution. It was rapidly con- 
verted to reducing sugar by boiling in N/100 HCl. 

The gum-like material precipitated by ethanol 
was completely hydrolysed by treatment for 1 hr. 
at 95° with 0-5% oxalic acid. The total reducing 
sugar thus liberated and calculated as ‘glucose’ was 
shown to be fructose by the specific colorimetric 
assay of keto-hexoses by means of phosphomolybdo- 
tungstic acid. The hydrolysate formed glucosazone 
(m.p. 210°) with phenylhydrazine. The alcohol- 
precipitable polysaccharide fraction therefore prob- 
ably contains only fructose, and, because of the 
ease of hydrolysis of the polysaccharide, the sugar 
is probably in the furanose form. 

The polysaccharide formed from sucrose by the 
action of A. levanicum autolysate is thus a levan. 
Whether the enzymically formed product is homo- 
geneous and identical with the Aerobacter levan 
produced in vivo, and whether it is identical with 
other levans (e.g. that from cultures of spore- 
forming organisms [Hibbert & Brauns, 1931; Hib- 
bert e¢ al. 1931], from Actinomyces [Veibel, 1938], 
from certain bacterial plant pathogens [Lyne, Peat 
& Stacey, 1940], from a grass (Pea trivialis) and 
from barley [Challinor, Haworth & Hirst, 1934], is 
not known. 


SUMMARY 


1. A micro-method suitable for the specific esti- 
mation of levan in the presence of large amounts of 
reducing sugar and sucrose is described. 

2. Levan production by Bacillus subtilis (I), 
B. polymyzxa (II), and a newly isolated non-sporu- 
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lating species referred to as Aerobacter levanicum 
(III) has been studied. All three produced levan 
from sucrose and raffinose. In I, levansucrase is 
formed adaptively; in III it is constitutive. In I, 
growing on sucrose agar, levansucrase is exocellular 
and diffuses through the medium; in II and III on 
the same medium, it is endocellular. 

3. Levansucrase has been prepared cell-free from 
TIT as an aqueous solution, as well as in soluble dry 
form. The cell-free enzyme systems act on sucrose 
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with rapid formation of levan and of reducing sugar. 
Certain physical properties of cell-free levansucrase 
from I and IIT have been studied. 

4. Levan has been prepared in substantial 
amount as a nitrogen-free powder by the action of 
sterile levansucrase from III on sucrose. Some 
properties of the enzymically formed polysac- 
charide are described. 


The authors are indebted to Dr J. Leibowitz for his 
continued interest in the progress of this investigation. 
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Complement Activity and Vitamin C 


By E. KODICEK, Dunn Nutritional Laboratory, University of Cambridge and Medical Research Council, 
AND B. TRAUB, Department of Pathology, University of Cambridge 


(Received 3 May 1943) 


In recent years evidence has accumulated that 
deficiency of ascorbic acid impairs the defensive 
reaction of the organism towards infection. There 
have been many attempts to correlate this anti- 
infective effect more specifically with factors par- 
ticipating in immunological reactions [cf. Perla & 
Marmorstan, 1941]. The greatest attention perhaps 
has been paid to the possible correlation between 
the complement activity of the serum and the 
vitamin C intake. 

Although Zilva [1919, 1936] found no significant 
change of complement titre in scorbutic guinea- 
pigs, Simola & Brunius [1933] and Marsh [1936] 
claimed a lowering of the complement activity with 
a low intake of vitamin C. Chakraborty [1937] 
could not confirm the finding that vitamin C 
deficiency affected the complement titre in guinea- 
pigs. 

More recently, Ecker, Pillemer, Martiensen, Wer- 


theimer & Grandis [1938a], Ecker, Pillemer & 
Wertheimer [19386], Ecker, Pillemer, Griffiths & 
Schwartz [1939] and Ecker & Pillemer [1940] claim 
to have established a direct correlation between the 
complement activity of the serum and its concen- 
tration of vitamin C. They based their conclusions 
on average results without any statistical evaluation 
of the significance of the means. On the other hand, 
Maccolini [1939] and Agnew, Spink & Mickelsen 
[1942] found no correlation between the comple- 
ment titres of guinea-pigs and their intake of 
ascorbic acid. In view of these conflicting findings, 
we have reinvestigated the question. 

The method of titrating the complement was 
based on the determination of 50% haemolysis, 
and the results were statistically evaluated. It may 
be said in advance that no significant changes were 
found in the complement titres of guinea-pigs at 
different levels of vitamin C intake. 
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EXPERIMENTAL 


Titration of complement. The end-point of the titration 
(‘complement titre’) was taken as the volume of serum, 
expressed in units of which one unit is equal to 0-0001 ml. 
of undiluted serum, needed to produce 50% haemolysis in 
a standardized system described below. This arbitrary end- 
point, being on the steepest slope of the S-shaped titration 
curve, increases the accuracy of the titration [Brooks, 1920; 
Wadsworth, Maltaner & Maltaner, 1931]. The value so 
obtained expresses in reciprocal form the complementary 
activity of serum. Sheep cells derived from one source 
were used throughout the experiment and were standardized 
according to the procedure of Herbert [1941]. 

Blood samples measuring 2-3 ml. were obtained by 
cardiac puncture without anaesthesia. The serum obtained 
by clotting was diluted with 0-9 % buffered saline of pH 7-4 
in a ratio 1:30, and eight tubes were set up containing 
different amounts of undiluted serum, ranging from 0-025 
to 0-002 ml. The volume of all the tubes was adjusted to 
0-75 ml. by the addition of buffered saline and 0-5 ml. of a 
suspension of sensitized sheep red cells was added. It was 
prepared 15-20 min. before use by mixing equal volumes 
of rabbit anti-sheep haemolysin and of washed sheep red 
cells containing 50 mg. haemoglobin/ml. The tubes were 
incubated for 30 min. in a water-bath at 37°, cooled to 
2-4°, and 2 ml. of buffered saline were added to facilitate 
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the subsequent reading. After the mixture had been centri- 
fuged, the percentage of haemoglobin present in the super- 
natant fluid was estimated colorimetrically as described by 
Herbert [1941]. The results were plotted on squared paper, 
the haemolysis-serum volume curve fitted and the value 
for 50% haemolysis read by interpolation. The titrations 
were usually done in duplicate. 

Animals. Two series of experiments were performed at 
different seasons of the year (June-July; Oct.—Dec.). 
Twenty-two guinea-pigs weighing 300-368 g. were used in 
the summer experiment. The second series, in winter, con- 
sisted of eighteen animals averaging 509 g. 

Basal diet. The basal diet contained oatmeal, bran, dried 
yeast, egg yolk, salt mixture and radiostoleum, with water 
ad lib. The solution of pure crystalline vitamin C was pre- 
pared daily and pipetted into the mouths of the animals. 

Supplements of vitamin C. As will be seen from Table 1, 
the eleven animals in group 1 (summer) were maintained 
without ascorbic acid; animals in group 2 (controls) were 
given a daily dose of 5 mg. of ascorbic acid plus 15 g. of 
cabbage. 

In the winter experiment (Table 2) the diets of the guinea- 
pigs in group 3 (five animals), group 4 (seven animals), and 
group 5 (six animals) were supplemented with 0-5, 1-0 and 
10-0 mg. of ascorbic acid, respectively. After 4 weeks the 
dose of ascorbic acid was interchanged in groups 3 and 5. 
The animals of group 3 then received 10 mg. and those of 
group 5 0-5 mg. daily. 


Table 1. Complement titres and weights of guinea-pigs on diets deficient in vitamin C 
and supplemented with 5 mg. ascorbic acid plus cabbage 


Complement titres 


units (one unit =0-0001 ml. 











of undiluted serum) Wt. (g.) 
Ascorbic acid Week Week 
added é =a Y c aw = 
No. mg./day 2nd 3rd 4th 0 2nd 3rd 4th 
Group 1 1 0 64 60 — 306 348 261 219* 
2 0 81 62 — 327 380 272 237* 
3 0 50 53 — 335 370 373 205* 
4 0 66 46 — 308 334 257 Died 
5 0 66 64 — 312 344 244 188* 
6 0 62 64 — 309 342 257 Died 
7 0 50 72 — 306 338 216 Died 
8 0 53 50 — 368 386 325 224* 
9 0 60 72 — 340 364 258 202* 
10 0 50 80 —— 304 324 200 Died 
ll 0 66 71 = 330 335 291 192* 
Mean 61 63 
General mean 62 
Group 2 12 5 mg. + cabbage 60 37 64 335 346 367 372 
13 ae 64 a 310 389 Died = 
14 s 66 54 60 301 384 426 250 
15 te 66 61 70 320 382 410 441 
16 ‘ 72 58 56 308 394 444 490 
17 dé 54 43 50 306 360 366 380 
18 = 51 59 65 346 386 425 485 
19 ms 55 64 54 343 409 439 495 
20 < 64 58 66 308 347 354 378 
21 ai 58 63 72 339 . 386 404 442 
22 9% 71 60 62 318 370 401 432 
Mean 62 56 62 
General mean 60 


* Animals died on 22nd-25th day of experiment. Weight is that on day of death. 
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Table 2. Complement titres and weights of guinea-pigs on scorbutogenic diets supplemented 
with 0-5, 1-0 and 10-0 mg. ascorbic acid 


Complement titres 


Dose of units (one unit =0-0001 ml. of 


vit. C undiluted serum) in animals 


Wt. (g.) of animals 





mg./ zs 


a ee es 
Group Week day No. 23 24 25 26 27° Mean No. 23 24 25 26 27 
3 0-5 a — —_ 470 450 375 550 570 


0-5 —- = 
0-5 92 63 
10-0 38 49 
10-0 70 50 


29 «30 2 33 


69 525 485 457 470 386 
515 483 380 432 Died 
470 480 Died Died — 
450 510 _ _ ae 


No, 28 29 30 31 32 33 34 





92 66 j 2 58 
68 51 é 3 36 
54 50 42 


640 570 570 530 485 450 
61 660 580 500 500 
50 665 610 367 505 
45 é 665 610 5 Died 550 


Mean 


No. 35 36 37 38 39 


100 — 50 _ = 
10:0 57 55 72 67 70 
05 — 80 197 49 —_ 
05 46 61 63 _— 64* 
05 48 50.147 57 60* 


Cem, NO 


40 No. 35 36 37 38 39 40 

os es 500 460 450 490 525 555 
Sse 450 480 500 540 550 600 
72 61 440 545 510 580 570 575 


470 445 435 585 620* 545* 
470 460 420 595 650*  520* 
485 465 380 600 600* Died 


46* 


1 80 


* Guinea-pigs 39 and 40 supplemented with 10-0 mg. ascorbic acid daily throughout. 


RESULTS 


Exp. 1 (summer). The complement titres (Table 1) 
of deficient guinea-pigs ranged from 50 to 81 units, 
with a mean of 61 in the second and 63 in the third 
week of deficiency. The average of all samples had 
a value of 62 units. The controls maintained on a 
supplement of 15g. of cabbage plus 5 mg. of as- 
corbic acid showed an average for all samples of 
60 units (Table 1). 

While the weights of the controls increased 
steadily, the deficient animals started losing weight 
in the third week of the experiment and died in the 
following week. 

Exp. 2 (winter). The guinea-pigs in group 3 
(Table 2) receiving 0-5 mg. of ascorbic acid daily 
for the first 4 weeks, showed an average comple- 
ment titre of 69 units. When the supplement of 
vitamin C was increased to 10 mg., their titre had 
a value of 53 units. 

Group 4, having a supplement of 1 mg. of ascorbic 
acid, showed average titres of 70, 59, and 50 units 
in the fourth, seventh and ninth weeks, respectively. 
The general mean from all the samples of serum 
was found to be 60 units. The weight of the animals 
remained at a steady level or showed a slight 
increase. 

The animals in group 5, supplemented with 
10 mg. of ascorbic acid for 4 weeks, had an average 
titre of 61 units. After changing to a partially 
deficient dose (0-5 mg.), the average value of the 
titre was found to be 80 units. The weight of all 
but one animal increased steadily when adequately 


supplemented with vitamin C. The gain, however, 
was less than that of the controls in Exp. 1, re- 
ceiving 15 g. of cabbage in addition to the 5 mg. of 
ascorbic acid. When the guinea-pigs of group 5 
were put on a partially deficient diet in the fourth 
week, they either lost weight or remained at an 
almost steady level. 


Statistical calculations 

It has been claimed [Ecker et al. 19386] that a com- 
parison of complement titres between groups of guinea-pigs 
on different levels of vitamin C intake is unsatisfactory, 
and that data from the same animal with various levels of 
vitamin C intake are preferable. Exp. 2 was therefore per- 
formed in such a way as to allow a statistical evaluation on 
this basis. In addition, the significance of the differences 
between groups on different levels of vitamin C intake was 
also calculated. The method of analysis of variance was 
employed throughout [Fisher, 1938; Goulden, 1939]. 

Significance of differences between groups 1 and 2. The 
average values of the complement titres of the deficient 
guinea-pigs (group 1) did not differ appreciably from the 
average values in group 2, which had received supplements 
of cabbage and vitamin C. The general mean (60 units) of 
all samples collected during a period of deficiency agreed 
almost exactly with the general mean (62 units) of the 
control group. This insignificant difference between the two 
means makes a statistical evaluation almost unnecessary. 
The mean difference between groups 1 and 2 amounts to 
— 1-76. When the ¢ test was applied, the difference was 
found to be insignificant (¢=0-797, while ¢ tabulated for 
P 0-05 is 2-23). The standard error was calculated from the 
mean of titres of guinea-pigs bled on the same day. 

Significance of differences between guinea-pigs maintained 
on doses of 0-5, 1-0 and 10-0 mg. of ascorbic acid. When the 
means of the complement titres for the different levels of 





1943 


i) 
6 
ed 


34 
450 
500 
505 
550 


D5 
100 
175 
45* 
20* 
ied 





Vol. 37 


vitamin C intake were calculated, irrespectively of groups, 
the following values were found: 

Mean of complement titres for 

0-5 mg. ascorbic acid daily = 75-8, s+ 10-16 units 
1-0 mg. ascorbic acid daily=60-3, s+ 3-19 units 
10-0 mg. ascorbic acid daily=58-6, s+ 3-03 units 

The above values may indicate a slight increase in com- 
plement activity with an increase of ascorbic acid in the 
diet. When, however, the value of F, i.e. the ratio of group 
mean square to error mean square, was calculated, it was 
found that F=2-25; tabulated F for 5% point=3-19. It 
may therefore be concluded that no significant differences 
had heen established. 

Significance of differences within group 3. Complement 
titres of partially deficient guinea-pigs were compared with 
those of the same animals in the later part of the experi- 
ment, when they were given an adequate amount of 
vitamin C. The variance ratio was F=2-62; tabulated F 
for 5% pt.=19-0. 

There is therefore no significant difference between the 
titres of the same animals on different levels of intake of 
vitamin C. 

Significance of differences within group 4. In this group, 
which had a supplement of 1-0 mg. of ascorbic acid through- 
out, the titres obtained at different periods of the experi- 
ment (4th, 7th and 9th weeks) were analysed. The variance 
ratio was F=3-91; tabulated F for 5% pt.=3-98. 

As F found is only slightly below the value of F tabu- 
lated, the differences are almost significant. This conclusion 
is interesting as the complement activity increased slightly 
during the course of the experiment, which is contrary to 
the findings reported by Ecker & Pillemer [1940]. 

Significance of differences within group 5. Although the 
means of complement titres showed an apparent increase 
from 61 to 80 units when the dose of ascorbic acid was 
decreased from 10-0 to 0-5 mg. daily, the variance ratio for 
these findings was F= 1-08; tabulated F for 5% pt.=4-35. 

The change of complement titre is therefore not signi- 
ficant. 

Analysis of differences between individual guinea-pigs and 
error of method. Complement titres of individual guinea- 
pigs within groups did not vary significantly when their 
variance was compared with the respective error variance. 
From duplicate samples the standard deviation of a single 
titration has been calculated (s=2-33; Z=60-1). There is 
therefore a probability of only 1 in 20 that the titres will 
be outside the limits of +8%. 


DISCUSSION 


Experimental precautions were taken to eliminate 
variables other than vitamin C intake which might 
influence the result. Also by a proper statistical 
evaluation we eliminated to a certain extent varia- 
tions due to causes other than vitamin C intake. 
Thus we took care to bleed the animals without 
using anaesthetics, which are believed to increase 
the concentration of ascorbic acid in the blood 
[Ecker et al. 19386]. We also used the same animals 
as controls for their subsequent complement titres, 
by putting each animal as far as possible on two 
levels of vitamin C. The results, particularly those 
in groups 1 and 2, show without doubt that when a 
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reliable method of complement titration is used 
there is little, if any, difference between complement 
titres of individual guinea-pigs within a group, no 
matter whether they are maintained on a deficient 
or an optimal diet. We can confirm the conclusions 
of Brooks [1920] and Wadsworth e¢ al. [1931] that 
the 50% haemolysis gives consistent results with a 
low degree of experimental error [Traub, 1943]. 

It is evident that we could find no influence of 
the intake of vitamin C on the complement titre. 
Only in group 4 were the differences between com- 
plement titres almost significant. In this group, 
the figures refer to samples of blood withdrawn 
from the same animals at different times of the 
experiment. It may, however, be noted that the 
complement activity of the sera was either un- 
altered or improved slightly, quite contrary to 
expectation based on the findings of Ecker e¢ al. 
[1938a] and Ecker & Pillemer [1940]. The guinea- 
pigs had a supplement of only 1 mg. of ascorbic 
acid, which certainly was not sufficient to maintain 
optimal growth. If vitamin C influences comple- 
ment titres in the way claimed there should there- 
fore have been a decrease of complement activity 
in this group. 

The agreement between the average complement 
titres of group 2 (Exp. 1) and those in Exp. 2 seems 
of interest. The animals in group 2 were maintained 
on a diet supplemented with cabbage as well as an 
adequate dose of ascorbic acid, and thus received 
other essential dietary factors [cf. Kohler, Elvehjem 
& Hart, 1938]. The influence of these could be ob- 
served from their improved gains in weight. Never- 
theless, their complement titres did not differ from 
those of the guinea-pigs which received an adequate 
supplement of vitamin C alone (Exp. 2). Apart 
from this, although the two experiments were per- 
formed in the summer and winter months respec- 
tively, no seasonal influence, such as has been 
claimed, could be observed. 

The weights of the guinea-pigs given in the tables 
show conclusively the influence of the different 
levels of vitamin C intake. Also, post-mortem 
findings confirmed the presence of scorbutic changes 
in the deficient animals. 

Our conclusion that the state of nutrition with 
regard to vitamin C has no influence upon the 
complement activity of serum is in agreement with 
results of Crandon, Lund & Dill [1940] m human 
scurvy. Spink, Agnew & Mickelsen [1942] and 
Feller, Roberts, Ralli & Francis [1942] arrived at 
similar conclusions. Further indirect evidence of 
the lack of positive correlation between vitamin C 
and complement activity is the finding that al- 
though newborn infants have a higher vitamin C 
concentration in plasma than their mothers 
[Mindlin, 1940] they have a significantly lower 
complement activity [Traub, 1943]. 
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Although we could not find any relation between 
complement and vitamin C, we do not wish to draw 
any conclusions as to the possible influence of the 
vitamin on other immunological processes. The 
exact significance of complement in immunology is 
in any case still uncertain. 


SUMMARY 


1. Complement titrations, using 50% haemolysis 
as the end-point, were performed on forty guinea- 
pigs maintained on different levels of intake of 
vitamin C, and the results were evaluated statis- 
tically. 

2. No significant change in complement was 
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found to occur in guinea-pigs partially or com- 
pletely deficient in vitamin C. 

3. Addition of cabbage to the diet did not result 
in any change in the complement titre as compared 
with that of guinea-pigs whose diet was supple- 
mented with adequate amounts of synthetic vita- 
min C. 

4. The significance of these results is discussed. 


We wish to thank Dr L. J. Harris, at whose suggestion 
this work was undertaken, for his valuable advice and 
interest throughout the experiment, Prof. H. R. Dean for 
his interest and facilities for work in his Department for 
one of us, Dr J. O.. Irwin for his criticism of the statistical 
calculations, and Mr S. Impey for his help in the care of 
the experimental animals. 
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Antigenic Properties of Hyaluronic Acid 


By J. H. HUMPHREY (Jenner Memorial Student), The Lister Institute of Preventive Medicine, 
Elstree, Herts 


(Received 5 May 1943) 


Hyaluronic acid has been shown by Meyer and 
colleagues [Meyer & Palmer, 1936; Meyer, Smyth 
& Dawson, 1939; Meyer & Chaffee, 1941] to occur 
in the vitreous humour, synovial fluid, skin and 
umbilical cords of various mammals and by the 
author (unpublished) to occur in the lung tissue. 
Although the detailed structure of this substance 
has not been worked out, the work of Meyer and his 
collaborators [reviewed by Meyer, 1938] has shown 
hyaluronic acid to be a polysaccharide of high mole- 
cular weight, composed of units containing one 
residue of N-acetyl glucosamine linked with one of 
glucuronic acid. Existing evidence suggests that 
specimens of hyaluronic acid prepared from different 


sources are chemically identical. A polysaccharide 
which is probably identical has been obtained from 
capsulated streptococci of groups A and C by 
Kendall, Heidelberger & Dawson [1937] and by 
Seastone [1939]. The capsules of these organisms 
are destroyed by an enzyme—hyaluronidase—ob- 
tained from other strains of streptococci or from 
various other sources [McClean, 1941]. Their pre- 
sence is associated with the virulent stage of 
the organisms, but when either whole organisms 
or purified capsular material were injected into 
rabbits they failed to give rise to detectable 
circulating antibodies against the capsules [Seastone, 
1939}. 
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In view of these results it seemed of interest to 
investigate more closely the antigenicity of hyalu- 
ronic acid, since not only would specific antisera to 
this substance be of diagnostic value and possibly 
of therapeutic use, but the question of antibody 
production in this instance has a general bearing on 
theories of antibody formation. It was known (un- 
published information from Dr W. T. J. Morgan), 
that combination of hyaluronic acid with the specific 
protein obtained from Shigella dysenteriae by 
Morgan & Partridge [1940] was ineffective in con- 
ferring antigenic properties, although with other 
polysaccharides [Morgan & Partridge, 1940; Par- 
tridge & Morgan, 1940, 1942] this method is very 
successful. Recourse was therefore had to the 
method used by Goebel & Avery [1931] in their 
work on the artificial coupling of type IIT Pneumo- 
coccus polysaccharide to protein by means of a 
p-aminobenzy] ether linkage. The method of Goebel 
& Avery was not directly applicable to hyaluronic 
acid since it was found that the number of p-nitro- 
benzyl ether groups introduced varied with the 
proportion of p-nitrobenzyl bromide to hyaluronic 
acid used, and the different preducts had very 
varied solubilities in H,O and in organic solvents. 
It may be assumed that the product containing the 
minimum number of introduced groups is to be 
preferred, provided that there are enough for 
effective coupling, since extra groups may mask or 
modify a weakly antigenic grouping in addition to 
conferring their own antigenic specificity. A sub- 
stance has now been prepared containing approxi- 
mately one p-aminobenzyl group per glucosamine 
residue. It was coupled to horse serum albumin 
and to normal rabbit serum, the former being used 
for immunizing and the latter as test antigen, 
thereby eliminating the effects of non-specific anti- 
bodies. 


EXPERIMENTAL 
(a) Chemical 


Hyaluronic acid. The starting material was the potassium 
salt of hyaluronic acid prepared from human umbilical 
cords, purified by repeated extraction with 90% phenol 
solution and by repeated precipitation from aqueous solu- 
tion at pH 9-10 by 1} vol. of ethanol saturated with K 
acetate. It contained only 75% of the theoretical gluco- 
samine content as determined by Hewitt’s modification 
[Hewitt, 1938] of the method of Morgan and Elson, and was 
contaminated with finely divided insoluble haematin de- 
rivatives extracted with the hyaluronic acid from the cords. 
These impurities were very difficult to separate from the 
highly viscous hyaluronic acid without destroying its vis- 
cosity. They were, however, readily removed by centrifu- 
gation after treatment with p-nitrobenzyl bromide as shown 
below. (Later this work was repeated on a smaller scale 
using the pure K salts of hyaluronic acid as starting 
material, with similar results.) 

Aminobenzyl ether of hyaluronic acid. To 150 ml. of a 
1% solution of hyaluronic acid was added 0-8 g. of finely 
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powdered p-nitrobenzyl bromide. The mixture was heated 
to 100° on a water-bath and 0-75 ml. 20% NaOH added 
drop-wise and with vigorous stirring during a period of 
15 min. Heating was continued for a further 30 min. and 
the material then neutralized with a drop of acid, steam- 
distilled to remove traces of p-nitrobenzyl alcohol, and 
centrifuged to remove insoluble matter. The clear solution 
was dialysed against 31. of distilled H,O and was finally 
dried in vacuo from the frozen state, to give 0-7 g. white, 
very hygroscopic material. Analysis on dry basis: N= 
465%; glucosamine=38-5%; glucosamine/N ratio=8-4; 
ash negligible. [«]7°=—58°. Viscosity of a 1% solution 
in a crude Ostwald viscosimeter was 9-5x H,O. (Theory 
for mono-nitrobenzyl derivative of hyaluronic acid: 
N=5-25%; glucosamine=33-6%; glucosamine/N ratio 
=6-4.) 

The solution of the p-nitrobenzyl ether was reduced with 
saturated Na,S,0, solution at 50°, the reaction being main- 
tained at approximately pH 7, more Na,S,0, being added 
until the solution bleached litmus paper. It was then 
dialysed against distilled H,O until the dialysate gave no 
yellow colour with Ehrlich’s reagent, indicating that the 
diffusible amino-groups had been removed. The contents 
of the dialysis bag still gave a definite yellow colour with 
Ehrlich’s reagent. The solution was evaporated to small 
volume in vacuo, and dried in vacuo from the frozen state to 
yield 0-6 g. of a very pale yellow hygroscopic aminobenzyl 
ether of hyaluronic acid. Two samples prepared indepen- 
dently from separate lots of hyaluronic acid gave the follow- 
ing analyses on a dry basis. Sample 1: N=4-75%; gluco- 
samine=40%; glucosamine/N ratio=8-4; [«]?’=—40°; 
viscosity of 1% solution=8-5xH,0. Sample 2: N= 
500%; glucosamine=40%; glucosamine/N ratio=8-1; 
[a]? = — 65°; viscosity of 1% solution=8-6 x H,0. 

Theory for mono-aminobenzyl ether of hyaluronic acid 
is N=5-4%; glucosamine=34:5%; glucosamine/N ratio 
=6-4. These analyses, although in fair agreement with one 
another, do not exactly conform to those expected if one 
aminobenzyl group is coupled to one hyaluronic acid unit. 
A compound containing 0-66 aminobenzyl groups per 
hyaluronic acid unit could theoretically give the following 
analysis: N=4-9%; glucosamine=37-5%; glucosamine/N 
ratio=7-7, which is in close agreement with the figures 
obtained. In view of the present uncertainty concerning 
the detailed structure of hyaluronic acid no reason can be 
given why, under the conditions used, there should be 
formed a compound which appears to consist of two amino- 
benzyl groups per three hyaluronic acid units, nor even 
whether it is a definite compound. Noadditional information 
can be obtained from values for the specific rotation, as these 
vary from preparation to preparation of hyaluronic acid. 

The compound was acted on by testicular hyaluronidase 
to yield a substance giving the colour reaction for N-acetyl 
glucosamine. In 1 % solution it gave also a definite yellow 
colour with Ehrlich reagent, and after diazotization fol- 
lowed by removal of excess HNO, with ammonium sulpha- 
mate, a good pink colour was given with a 0-5% solution 
of N-1-naphthyl ethylenediamine, indicating the presence 
of an aromatic NH, group. In order to rule out the possi- 
bility that the yellow colour given with Ehrlich’s reagent 
might be due to a mixture of unchanged hyaluronic acid 
and traces of p-aminobenzy! alcohol, the substance was 
extracted with acetone, dioxan and glacial acetic acid 
without, however, removing any substances giving the 
Ehrlich colour reaction. 
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Coupling of the aminobenzyl ether of hyaluronic acid to pro- 
tein. On the assumption of 1 amino-group per glucosamine 
residue, 0-5 g. of the aminobenzyl ether of hyaluronic acid 
preparation was diazotized at 0° with 2-2 equivalents of 
N HCl and 1-0 equivalent of N NaNO,. Stirring was con- 
tinued at 0° for 30 min. and the solutions carefully neu- 
tralized to phenol red. The solution gave a strong red 
colour with alcoholic B-naphthol. 

The proteins used were horse-serum albumin and whole- 
rabbit serum, in the proportions of 3-6 g. protein (calculated 
from the N content) to 1 g. of the compound. The protein 
solution (ca. 2%) was kept chilled and stirred, and the 
diazotized compound was added slowly, together with 
sufficient NaOH to maintain the solution just alkaline to 
phenolphthalein. Stirring was continued for 1 hr. and 
sufficient 10% trichloroacetic acid then added to give 
maximum precipitation. The precipitate was spun down, 
separated and redissolved in H,O with a minimum of 
NaOH. After two or three reprecipitations the supernatant 
was no longer yellow. The coupled protein was finally made 
up to about 2% in 0-:9% NaCl and dialysed against 0-9% 
NaCl unii] it was free from CC],;COOH. A similar procedure 
was used in coupling with rabbit serum, but here precipi- 
tations of the coupled protein with CCl,COOH proved to 
be incomplete and uncoupled material was removed by 
prolonged dialysis against 0-9% NaCl. 

The final products gave pale yellow solutions, and 
different preparations contained from 5 to 9% glucosamine, 
calculated from the glucosamine/N ratio. The original 
serum albumin contained 1-5% glucosamine, which sug- 
gests that 7-5-17% of hyaluronic acid had been added by 
the coupling. 

(b) Serological 


Immunization. Three rabbits were immunized with the 
horse serum-hyaluronic acid preparation. The first course 
consisted of 30, 60 and 120 mg. injected subcutaneously at 
weekly intervals. After a week’s rest the animals were 
bled. The second course consisted of four intravenous in- 
jections of 20 mg. at weekly intervals, and the animals 
were bled out 10 days later. None of the animals showed 
any ill effects during immunization, nor any changes post- 
mortem such as might indicate antibody formation against 
a common constituent of the tissues. 

Technique of tests on antisera. Precipitin tests were 
carried out in bulk using constant serum (1:5 dilution) and 
fivefold dilutions of antigen. 

Complement fixation was carried out using two minimal 
haemolytic doses (M.H.D.) of complement, and the same 
concentrations of serum and antigen as in the precipitin tests. 

Agglutination was tested on a washed suspension of cells 
from a young culture of a capsulated group C Streptococcus 
whose capsules were known to be dissolved by hyaluroni- 
dase. Capsular swelling was tested by incubating equal 
volumes of serum and streptococcal suspension at 37° for 
10 min. and then viewing in wet preparation against a 
background of India ink. 


RESULTS 


The results with the serum obtained after the first 
and after the second course of immunization were 
substantially the same. Each serum was tested 
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separately, but all behaved similarly. The results 
are shown in Table 1. 


Table 1. Serological tests on sera of rabbits immunized 
with hyaluronic acid coupled with horse-serum 
albumin, against various test antigens 


Complement 
fixation 
titre 


1: 1000 


Precipitin 
titre 
10,000 


Test antigen 


Horse-serum albumin coupled 1: 
with hyaluronic acid 


Whole rabbit serum protein Nil Nil 
coupled with hyaluronic acid 
: 10,000 1: 1000 


Nil Nil 


Normal horse-serum albumin 


Normal whole rabbit serum 
protein 


The positive reactions are evidently due to anti- 
bodies against the horse-serum moiety of the 
antigen, and not against the specific coupled hapten 
group. No attempt was made to see whether the 
uncoupled substances would inhibit the reaction 
between the coupled proteins and homologous anti- 
sera. There was no evidence of agglutination nor of 
capsular swelling in the tests with Streptococci. 


DISCUSSION 


The retention of viscous properties and the hydro- 
lysis by testicular hyaluronidase argue that the 
structure had not been much altered, and yet it is 
clear from the above results that even when chemi- 
cally coupled to a protein, hyaluronic acid is unable 
to cause antibody formation in rabbits. In this it 
differs from various chemically similar muco-poly- 
saccharides such as those from pneumococci, from 
Shigella dysenteriae, or the blood group ‘A’ antigen, 
but resembles chondroitin sulphuric acid and glyco- 
gen, which are also common natural constituents of 
the mammalian body. The reason for this difference 
is unexplained. There may be chemical considera- 
tions which make the former class of substance able 
to influence immune serum protein production, 
while the latter class is unable, but it seems easier 
to suppose that the second class are of such wide 
distribution in mammalian tissue that they occur 
naturally at the sites of antibody production, and 
therefore exert no different or additional influence 
when supplied by artificial means. 


SUMMARY 


Hyaluronic acid coupled chemically to protein by 
azobenzyl ether linkage does not act as a specific 
hapten when injected into rabbits. 
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The Excretion of Ethylquinone by the Flour Beetle 


By P. ALEXANDER anp D. H. R. BARTON, Department of Inorganic and Physical Chemistry, 
Imperial College, London 


(Received 8 May 1943) 


While studying inert dust insecticides we observed 
that the red rust flour beetle (T'ribolium castaneum) 
made a brown stain when kept in contact with 
various fine white powders such as amorphous pre- 
cipitated silica. When placed on these dusts and 
kept in*dry air the insects did not move about in 
the material after the first few hours and died after 
about 2 days. The brown stain developed uniformly 
round the insect and became visible after the first 
day, but did not reach its maximum strength until 
about the sixth day, i.e. long after the insect had 
died. A similar but smaller stain was produced 
when dead insects were placed on the powder. 

The closely related insect, Tribolium confusum, is 
known to give off an excretion which causes heavily 
infested flour to become pink and quite unpalatable, 
and which Payne [1925] found to exhibit aldehyde 
reactions. Chapman [1926] observed that the same 
beetle, when stimulated, gave off a nose-irritant gas 
which turned flour pink. He examined the effect of 
this gas on the pupae of the beetle and found that 
the subsequently metamorphosed adults were ab- 
normal. Roth & Howland [1941] passed dry air 
over 7’. confusum, and isolated the excretion as 
yellow-brown needles which turned red and eventu- 
ally blue, even when kept in solid CO,. At room 
temperature a gas was evolved of quinone-like 
odour which was capable of oxidizing HI to I,. 
These authors found that the last instar larvae, 
prepupae and pupae of the insect all metamorphosed 
into abnormal adults after exposure to this gas. 


EXPERIMENTAL 


Isolation of the excretion from T. castaneum 


The method used for isolating the excretion from 7’. cas- 
taneum, based on that used by Roth & Howland [1941] for 
T. confusum, was as follows: About 500-1000 insects (a 


volume of about 5 ml.) were collected from the insect cul- 
tures by taking advantage of the negative geotropism of 
the adult beetles, sifted free from flour and introduced into 
a small distilling flask. A stream of dry air was then passed 
through the flask for about 6 hr., during which time the 
insects were cooled frefn 35-40 to 0° for about 20 min. 
every 2 hr. The excretion was condensed in an ethanol-CO, 
trap, yielding about 0-5 mg. of long, needle-like yellow 
crystals together with some ice, from the H,O also given 
off by the insects. The yield was considerably reduced if 
the insects were not completely free from flour and larvae, 
etc. The insects were returned to flour for 3 days and then 
the procedure was repeated, giving a somewhat smaller 
yield. After three or four such operations the insects were 
very feeble and yielded little or no excretion. Many were 
dead, due, probably, to desiccation. Attempts to separate 
the H,O from the excretion by drying with P,O;, CaCl,, 
Na.SO, or Mg(ClO,), yielded a reddish ‘polymer’ of the 
excretion on the surface of the drying agent, even when 
the drying tubes were warmed to 40°. 

In view of the small yield per insect (about 0-1-0-2% 
of the initial body weight) the excretion from some 5000 
beetles was necessary for the investigation outlined below. 


RESULTS 
Properties of the excretion from T. castaneum 


The yellow crystals, separated from the H,O on a 
cooled porous tile, had a nose-irritant quinone-like 
odour and were slightly lachrymatory. They were 
slightly soluble in H,O, but readily so in ethanol, 
benzene, chloroform and other organic solvents. The 
substance was fairly volatile at room temperature 
and rather labile when first isolated, turning to a 
red-brown on standing overnight, even at 0°. How- 
ever, drying increased the stability. The aqueous 
solution was neutral, reduced Tollen’s reagent, 
liberated I, from HI, and gave a brown-black colour 
with warm dilute atkali. The substance was very 
sensitive to alkali, but comparatively stable to acid. 
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No colour was produced with cone. HCl or with 
FeCl,. When SO, was passed through the aqueous 
solution the yellow colour was discharged and a 
black precipitate was formed, which later dissolved. 
N, S, P,. and halogens were absent, and tests for 
aldehyde, ketone, alcohol and similar groups were 
negative. This chemical evidence identified the 
compound as a quinone. The m.p. of the dry 
crystals was 23°, but when the dry substance was 
allowed to stand at room temperature for several 
hours the m.p. rose to about 32°. 

Preparation and properties of the hydroquinone. 
The excretion product was reduced immediately 
after isolation by a solution of NaHSO, sat. with 
SO,. This solution was extracted three times with 
ether and the combined ether extracts were washed 
with NaHCO, and then with H,O. The ether-soluble 
fraction was dried azeotropically with benzene, and 
recrystallized from benzene-ligroin mixture. In this 
way about 8 mg. of white crystals were obtained, 
melting at 97—-98°. Analysis (Mr W. F. Boston) 
showed C=68°8; H=7-0% (ef. toluhydroquinone 
C, 67:7; H, 6-45%; ethylhydroquinone C, 69-5; 
H, 7-2%). A further quantity of this hydroquinone, 
prepared from an additional supply of insects, 
melted at 101—-102° after 4 crystallizations from 
benzene-ligroin mixture, but there was insufficient 
material to continue the purification. 

An aqueous solution of the hydroquinone was 
titrated electrometrically with N/25 Ce(SO,), (stan- 
dardized by a similar titration against pure hydro- 
quinone). Three determinations were carried out on 
about 1-5 mg. with an error of less than 1%. The 
oxidation equivalent weight thus determined was 
67. (Theoretical values: toluhydroquinone 62; 
ethylhydroquinone 69.) Pure ethylhydroquinone 
gave an equivalent of 70 when titrated in this way. 

The m.p.’s, however, of both the insect quinone 
itself, and of the hydroquinone produced therefrom, 
differ considerably from those recorded for pure 
ethylquinone and ethylhydroquinone, but these did 
not give depressions when admixed with authentic 
ethylquinone and ethylhydroquinone respectively, 
whereas there were marked depressions with other 
homologous members of the series, prepared by 
standard methods [Johnson & Hodge, 1913; Gul- 
land, 1932; Cook, Heilbron & Lewis, 1942]. 


Properties of the excretion from T. confusum 


A similar examination has been made of the 
excretion of 7’. confusum. This seems also mainly 
to be ethylquinone. The yellow crystals obtained 
had the same m.p. and other properties as the 
excretion from 7’. castaneum. No volatile excretion 
could be isolated in the same way from the meal 
worm beetle (Tenebrio molitor) or from the saw- 
toothed grain beetle (Oryzaephilus Surinamensis). 
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The ultra-violet absorption spectra of some 
quinones and hydroquinones 


While many p-benzoquinones have been isolated 
from natural sources in recent years, descriptions 
of their ultra-violet absorption spectra are scanty. 
The naphthaquinones [Morton & Earlam, 1941] 
have been more fully covered. 

Previous determinations of the value of 4,,,. for 
p-benzoquinone itself have in general been in good 
agreement with each other, but there is a confusion 
as to the value for toluquinone in ethanol [ef. 
Lifschitz, Lourie, Zimmermann & Huininck, 1924; 
Light, 1926]. This confusion probably results from 
the labile character of mono-substituted alkyl- 
quinones in hydroxylic solvents. Thus, the absorp- 
tion spectrum of toluquinone in ethanol rapidly 
changes (Table 1) on standing for only a day at 
room temperature in diffuse daylight. 


Table 1. Ultra-violet absorption spectrum 
of toluquinone in ethanol 


Time after making up 


solution Amax, My coe 

ca. 1 min. 245 17,600 
1 day 256 8,300 
265 6,350 
7 days 228 3,650 
(inflexion) 290 2,000 


The data in Table 2 were therefore obtained 
immediately after the solution in ethanol of the 
freshly sublimed quinone had been made up. 


Table 2. Ultra-violet absorption spectra 
of freshly prepared quinones 


Quinone Solvent Amax. Map ea 

Benzo- Ethanol 242 13,800 
Tolu- Ethanol 245 16,000 
Ethyl- Ethanol 246 16,500 
Ethyl- n-Hexane 246 14,800 
Thymo- Ethanol 255 20,600 
Insect- Ethanol 245 — 

Amax, increases with increasing substitution of the 


quinone chromophore, an observation in good agree- 
ment with previous experimental results with analo- 
gous chromophores [ef. Woodward, 1941; Gillam, 
Barker & Evans, 1940; Gillam & Evans, 1941]. The 
spectrum of the insect quinone (A,ax.=245my) is 
that of a mono-substituted benzoquinone. This 
was confirmed by a comparison (Table 3) of the 
absorption spectrum of the hydroquinone pre- 
pared from the insect quinone with the absorption 
spectra of a number of mono-substituted hydro- 
quinones. All determinations were carried out in 
ethanol. 
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Table 3. Absorption spectra of hydroquinones in ethanol 
Drax, Mye nin, Yl 
| a amar aaa 
Hydroquinone I Il I Il Ainftex, ye Remarks 
Tolu- 228 293 224 251 None Two maxima 
Ethyl- None 292 None ca. 250 ca, 231 — 
n-Propyl- None 295 None ca, 253 ca, 228 Shift of maximum to 
longer wave-length 
Insect- None 292 None 252 ca. 228 — 
€max. €min. 
: SSS OS Ratio E ca. 290 mp to E 
Hydroquinone I Il I I €inflex. at ca. 220 mu 
Tolu- 4750 3950 4500 800 None 0-83 
Ethyl- None 3500 None _ 3850 0-74 
n-Propyl- None 3400 None _— 4800 0-71 
Insect- None _— None — — 0-69 
DISCUSSION be the first p-quinone to be isolated from an insect 


The evidence leaves little doubt but that the main 
part of the T'ribolium excretion is ethylquinone. 
The other material present in the excretion is 
probably more volatile than ethylquinone (since 
the m.p. of the dry insect excretion rises on standing 
in the air without apparently ‘polymerizing’), has 
a lower C content and therefore a higher O content, 
has a lower equivalent with respect to Ce(SQ,), 
oxidation and is probably reduced by SO,; hence 
it cannot be a simple p-benzoquinone derivative. 
The excretion of ethylquinone by Tribolium. is 
undoubtedly the cause of the pink colour of ‘con- 
ditioned’ flour, the production of the colour being 
due to the reaction of simple p-benzoquinones with 
amino compounds such as the protein in flour [ef. 
Gulland, 1932; Fujita & Kodama, 1935; Cooper & 
Nicholas, 1927]. 5 mg. of toluquinone added to 
10 g. of fresh flour rapidly causes the latter to turn 
pink and to take on the appearance of ‘conditioned’ 
flour. Ethylquinone and other simple quinones also 
cause stains, when placed on amorphous precipi- 
tated silica, similar to those caused by the insects 
themselves. The stain is apparently due to the ‘poly- 
merization’ of the quinone [cf. Erdtman, 1933]. 
Apart from the complex anthraquinone deriva- 
tives obtained from Coccus laccae, C. ilicis and 
C. cacti [see Todd, 1941], ethylquinone appears to 


source. This is surprising in view of the abundance 
of p-quinones as metabolic products of fungi. 

No definite function can at present be ascribed to 
the ethylquinone excreted by Tribolium castaneum, 
but it is perhaps significant that ethylquinone is a 
strong spermicide, at least for guinea-pig sperms 
[Gulland, 1932], and it may well play a part in the 
remarkable population control in crowded cultures 
of Tribolium [e.g. Park, 1936; Crombie, 1942]. 


SUMMARY 


1. The main part of the volatile excretion of 
Tribolium castaneum has been identified as ethyl- 
quinone. The same substance was obtained from 
T. confusum.- While, owing to the very small 
amount of material available, pure ethylquinone 
could not be isolated, the evidence collected ap- 
peared conclusive. 

2. The ultra-violet absorption spectra of a 
number of alkyl-substituted p-quinones and hydro- 
quinones are recorded. 


We wish to express our great appreciation to Dr J. A. 
Kitchener and to Dr E. R. H. Jones and especially to 
Prof. H. V. A. Briscoe for helpful advice and kindly criti- 
cism. Our best thanks are also due to Dr H. H.S. Bovingdon 
of I.C.I. Ltd., for the gift of insects with which the cultures 
were started, and to Mr E, A. Braude for taking the absorp- 
tion spectra. 
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The Effect of National Wheatmeal on the Absorption of Calcium 





By H. A. KREBS, Department of Biochemistry, University of Sheffield 
AND K. MELLANBY, Sorby Research Institute, Sheffield 


(Received 11 May, 1943) 


When McCance & Widdowson [1942] decided to 
investigate the effect of brown bread on the ab- 
sorption of calcium and other minerals from the 
human gut, the Ministry of Food had not yet an- 
nounced their intention to introduce a wheatmeal 
of 85% extraction. The experiments of McCance 
& Widdowson [1942] were carried out on flours of 
92% (‘brown flour’) and of 69% (‘white flour’) 
extraction. Although their data, by way of inter- 
polation, permit an approximate estimate of the 
properties of a flour of 85% extraction, it seemed 
desirable, when the national wheatmeal of 85% 
extraction was adopted, to extend the work to this 
flour. We undertook such an investigation at the 
suggestion of Dr McCance. The behaviour of Ca 
only was investigated, this being representative, as 
well as from the practical point of view probably 
the most important of the minerals whose absorp- 
tion is affected by substances of the outer layers of 
the wheat grain. 


EXPERIMENTS 


The experiments were carried out on six volunteers. Their 
ages and weights are shown in Table 1. They were men of 
military age who had been put on the register of con- 
scientious objectors and who had originally volunteered for 
experiments on scabies [see Mellanby, 1941] which were 
conducted concurrently with the dietary experiments. 


Table 1. Weights and ages of the volunteers 
Body weight stripped (kg.) 





a Y 
After 4—6 weeks 
4 weeks on later (after 
Age National ‘white’ flour 
No. years At start Wheatmeal _ regimen) 
1 27 66-0 65-4 67-7 
2 31 62-8 62-9 63-8 
3 30 56-2 56-2 56-9 
4 20 60-2 60-8 60-4 
5 30 53-8 53-8 54-7 
6 23 50-2 52-2 51:8 


The dietary and analytical arrangements were essentially 
the same as those elaborated and described by McCance & 
Widdowson [1942]. Data concerning one of the consign- 
ments of wheatmeal used have been published elsewhere 
[Krebs & Mellanby, 1942]. The ‘white’ flour used came 
from a different grist and was of 75% extraction. Dr 
Widdowson determined the phytic acid content of samples 
of the wheatmeal flour and of the bread, and found 140 mg. 





phytic acid P/100 g. flour, and 41-4 mg. phytic acid P/100 g. 
bread. The H,O content of the bread varied between 
35 and 38%. 

An adverse effect on the Ca balance of phytic acid- 
containing cereals can be expected only if the Ca content 
of the diet is relatively low and the cereal content relatively 
high. In choosing the diet the aim was therefore to keep 
the Ca content near to the minimum human requirement 
of 0-55 g./day [Leitch, 1936-7] and to include at least 500 g. 
wheatmeal flour (dry wt.)/day. Preliminary experiments 
taught us that the Ca content of the usual diet of the 
volunteers (during June and July 1941) was above 1 g./day, 
and that very considerable restrictions had to be imposed 
in order to reduce the Ca content of the food to the mini- 
mum requirement of 0-55 g., namely, (1) complete omission 
of cheese, (2) restriction of the milk to about 100 ml./day 
(including milk used in cooked dishes), (3) omission of the 
vegetables and fruits containing more than 50 mg. Ca/100 g. 
(e.g. spinach, spinach beet, cabbages, broccoli tops, leeks, 
spring onions, turnips, water cress, rhubarb, raisins, dried 
figs), (4) omission of tinned fish (containing softened bones). 
Further restrictions were due to rationing which allowed 
approximately 200 g. meat (on the plate), 225 g. fat, 225 g. 
butter and 123 g. bacon/week. With these restrictions the 
diet contained during August and September 1941 on 
average 0-55 g. Ca/day, of which 0-12 g. was derived from 
milk, 0-12 g. from bread, which had not been fortified by 
the addition of Ca, and the remaining 0-31 g. from other 
sources, mainly vegetables. This last source of Ca seems to 
be subject to very considerable seasonal variations. It 
stayed at the above-mentioned level of about 0-3 g. during 
August and the first half of September, but fell later in 
September and during October to about 0-2 g./day. During 
the later period it was necessary to raise the milk content 
of the diet in order to maintain the Ca supply of 0-55 g./day. 

Of the flour an average of 70 g. (dry) was eaten in the 
form of cooked dishes, and the rest in the form of bread. 
To make the large quantity of bread—600-900 g./day— 
palatable it was necessary to supply an extra jam ration 
of 1 lb./head/week. 

The average total calorie intake was about 4100/day. Of 
these 2200 came from flour. 

Our main experiment, carried out after preliminary 
trials, consisted of two periods. During the first, lasting 
4 weeks from the middle of August to the middle of 
September 1941, national wheatmeal was the staple food; 
the second was a control period, lasting 4 weeks (in one 
case 3 weeks) between the end of September and early 
November 1941, when ‘white’ bread was the staple food. 


RESULTS 


It will be seen from Tables 2 and 3 that the con- 
sumption of national wheatmeal was followed, 
under the conditions of our experiment, by an 
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Table 2. Data relating to the calcium balance of six volunteers 


Intake of 
o—— Ca in Ca in excreta Ca 
Volun- Bread Milk food (g./week) 
teer Week (g./ (ml. / (g./.._ ———_—-——+ (g./ 
no. ending Diet week) week) week) Urine Faeces Total week) 
l 2. ix. 41 Wheatmeal bread 6160 600 4-21 1-56 3°52 5-08 — 0-87) 
9. ix. 41 > 7080 600 3-93 1-61 3-46 5-07 —1-14t 
16. ix. 41 a 7140 700 4-26 1-53 3-68 5-21 - oat 
23. ix. 41 a 6260 600 3°82 1-60 3°27 4-87 — 1-05 
14. x. 41 White bread 5850 950 3-52 1-71 2-37 4-08 ——— 
21. x. 41 e 5770 1100 4-61 1-73 3°08 «64-81 —0-201 
28. x. 41 es 5070 1400 4-62 1-67 3-02 4-69 ey 
4. xi. 41 - 5450 1400 4-74 1-51 3-02 4-53 +021 
2 29. viii. 41 Wheatmeal bread 5800 600 3-92 1-52 4-21 5-73 —1-81) 
5. ix. 41 o 4990 700 3-58 1-59 2-66 4-25 — 0-67 | 
12. ix. 41 as 5620 700 = 3-68 1:70 269 4-39 eI 
19. ix. 41 a 5140 700 3-72 2-03 2-43 4-46 —0-74 
17. x. 41 White bread 5050 1050 3:30 1-98 1-75 3°73 — 0-43 
24. x. 41 Pe 3930 1400 3-67 1-63 2-42 4-05 — 0-381 
31. x. 41 Ps 4860 1400 3-63 1-64 2-23 3-87 ; 
7. xi. 41 fe 5600 1400 3-52 2-09 1:90 3-99 —0-47 
3 28. viii. 41 Wheatmeal bread 5108 700 413 2-05 2-94 4-99 or 
5. ix. 41 ee 5150 700 4-02 2-35 2-83 5-18 —1-17¢ 
12. ix. 41 = 5270 700 4-46 2-17 2-29 4-46 +0 | 
19. ix. 41 oz 5301 700 480 2-46 2:36 4-82 — 0-02 
3x4 White bread 6387 600 3:34 2-27 1-49 3-76 oo 
10. x. 41 w 5813 500 =. 3-65 2-05 1:38 3-43 +0-221 
17. x. 41 ee 5494 1050 4-40 2-44 1-62 4-06 a 
24. x. 41 BS 5584 1400 4-67 2-16 1-58 3-74 + 0-93 
4 29. viii. 41 Wheatmeal bread 5368 700 4-42 1-86 2-51 4:37 +o) 
5. ix. 41 > 5178 700 3-67 2-14 2-45 4-59 — 0-921 
12. ix. 41 is 5165 700 413 2-11 3-03 5-14 ~ rs) 
19. ix. 41 es 4734 600 3-44 2-05 2°36 4-91 — 1-47 
Mix. White bread 4108 1050 3-40 1-85 2-74 4-59 = 1-19} 
24. x. 41 = 4695 1400 440 2-18 2-44 4-62 —0-221 
3h. x. 41 * 4305 1400 4-05 1-59 1:80 3-39 + aI 
7. xi. 41 s 4518 1400 3-96 160 2-67 4:27 —0-31 
5 2. ix. 41 Wheatmeal bread 4980 700 3-86 1-77 2-46 4-23 - oe) 
9. ix. 41 a 5360 700 3-85 1-92 2-80 4-72 — 0-871 
16. ix. 41 as 5240 600 3-62 1-91 2-61 4-52 a 
23. ix. 41 ad 4560 700 3-10 1-79 2-47 4-26 —1-16 
21. x. 41 White bread 4710 1250 3-81 1-63 2-77 4-40 — 0-59) 
28. x. 41 Sn 4730 1400 430 (1-82 2-78 4-60 _ at 
4. xi. 41 oe 5000 1400 4-48 1-61 2-67 4-28 +0-2 
6 2. ix. 41 Wheatmeal bread 5121 700 3-60 1-58 2-22 3-80 — 0-20 
9. ix. 41 = 5068 700 83-85 1-76 2-37 4-13 — 0-281 
16. ix. 41 ats 4400 700 3-34 1-71 2-11 3-82 - oe 
23. ix. 41 ag 4512 700 2-96 1-74 2-07 3-81 — 0-85 
7. X 4k White bread 3791 700 82-34 1-41 0-97 2:38 — 0-04) 
14, x. 41 ‘ 4667 1350 3-10 2-30 1-17 3-37 —0-271 
21. x. 41 oo 4192 1400 3-27 2-00 2-20 4-20 “oa 
28. x. 41 a 4306 1400 3-65 1-85 1-33 3-18 +0-47 


average Ca loss of 0-110 g./day. When wheatmeal 
was replaced by ‘white’ flour the average balance 
was still slightly negative, viz. 0-023 g., but this is 
less than one-quarter of the loss during the wheat- 
meal period. The effect of wheatmeal is clear-cut in 
every individual case. 

These results are in accordance with those of 


McCance & Widdowson [1942]. From Table 17 of 
their paper we calculate the following figures: 


Milling 
standard 
o/ 

/o 
92 
69 


Average daily 
Ca intake 
g. 

0-558 
0-512 


Average daily Ca 


balance —————— 
Intake 


(g-) 


0-580 


0-625 


0-531 


0-504 


0-574 


0-560 


0-564 


0-516 


0-600 


0-491 





Balance 


(g-) 


— 0-143 


— 0-022 


—0-141 


— 0-054 


— 0-073 


+0-038 


— 0-120 


— 0-038 


-0-118 


— 0-033 


— 0-065 


— 0-027 


Average daily 


Ca balance 


g- 


— 0-086 
—0-018 


30- 


« 


468 


Table 3. Effect of national wheatmeal on the 
average calcium intakes and balances of six men 


(This is a summary of Table 2; the data on national wheat- 
meal are the average of 24 weeks, those on white flour of 
23 weeks.) 

Average daily 
bread consumption 


(not counting ap- Average Average 
proximately 80 g. daily daily 
flour eaten in Ca Ca 
cooked dishes) intake balance 
Milling standard (g-) (g-) (g.) 
National wheatmeal 766 0-550 —0-110 
(85 % extraction) 
White flour 707 0-552 —0-023 


(75 % extraction) 


In these experiments the bread consumption was 
somewhat lower (about 530 g./day) than in ours 
(about 730 g./day). This explains why, in our sub- 
jects. the Ca loss was greater than in those of 
McCance & Widdowson, although we used 85% 
extraction flour whilst the data of McCance & 
Widdowson refer to a 92 % extraction flour. 

We wish to emphasize that the conditions under 
which the adverse effect of national wheatmeal on 
the Ca balance was observed were exceptional ones. 
They included an average daily intake of 1-7 lb. of 
bread (requiring an extra jam ration to make it 
palatable) as well as a deliberate and severe curtail- 
ment of the Ca supply. In a preliminary experiment 
where the average wheatmeal bread intake was 
about 1 Ib./day and the average daily Ca supply 
0-94 g., the Ca balance was in equilibrium (Table 4). 
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Table 4. Ca balance at higher level of Ca intake 
and lower level of wheatmeal bread consumption 


(Average of 14 weekly periods; 5 subjects.) 


g. 
Average wheatmeal bread intake 456 
Average daily Ca intake 0-941 
Average daily Ca excretion 0-911 
Average daily Ca balance +0-030 


SUMMARY 


1. Six adult male volunteers were kept on a diet 
containing a large proportion of bread (on average 
766 g. wheatmeal bread of 85 % extraction or 707 g. 
‘white’ bread of 75 % extraction) and about 0-55 g. 
Ca/day. Ca was determined in food, faeces and 
urine. 

2. In every case national wheatmeal had an 
adverse effect on the Ca balance. On average 
0-110 g. Ca was lost daily during the wheatmeal 
regime whilst 0-023 g. was lost during the white 
flour regime. 

3. The results are in accordance with those ob- 
tained by McCance & Widdowson on 69 and 92% 
extraction flours, and support the present policy 
of adding Ca salts to national wheatmeal. 


We are indebted to Dr R. A. McCance and Dr E. M. 
Widdowson for advice on numerous points, especially on 
the dietary and analytical techniques, and to the Medical 
Research Council for a grant. 
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Colorimetric Determination of Total, Free and 
Ester Cholesterol in Tissue Extracts 


By G. POPJAK, Department ‘of Pathology, St Thomas’s Hospital Medical School, London, S.E. 1 


(Received 18 May 1943) 


Kelsey’s method [1939] for the determination of 
total, free and ester cholesterol was tested in the 
course of analyses of lipid extracts of various tissues 
(liver, kidney, heart, adrenals and blood). This 
method seemed to be particularly useful, because 
not only cholesterol, but also total fatty acids, and 
fatty acids derived from neutral fats and cholesteryl 
esters, could be determined on one sample. Kelsey 
claimed that the cholesterol obtained by his me- 
thod, and estimated colorimetrically, is pure. How- 
ever, in my experience, the cholesterol thus obtained 


is contaminated by substances which often con- 
siderably influence the colour developed with the 
Liebermann-Burchard reagents, and make accurate 
colorimetric reading impossible. Apart from this 
disturbing factor, the method gave very low results: 
cholesterol added to lipid mixtures could not be 
satisfactorily recovered. 

After some experiments a technique has been 
evolved which retains the advantages of Kelsey’s 
method and is essentially a combination of the 
method of Schoenheimer & Sperry [1934], as modi- 
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fied by Sturges & Knudson [1938], with that of 
Kelsey. The cholesterol is precipitated with alco- 
holic digitonin in acidified medium at room tempera- 
ture, and the digitonide separated by centrifuging. 
The decomposition of digitonide and the isolation 
of cholesterol are done by Kelsey’s method, i.e. by 
boiling with benzene and precipitating the digitonin 
by light petroleum. There was no interference with 
the colour developed by the Liebermann-Burchard 
reaction with cholesterol samples obtained in this 
way; the colour was indistinguishable from that of 
the standard when compared in a colorimeter. 


Procedure 


Total cholesterol. Samples of ethanol-ether extracts of 
tissues containing about 0-5 mg. of cholesterol are evapo- 
rated almost to dryness in a conical flask on a hot plate, 
then 10 ml. of ethanol-ether (1:1, v/v) and 0-2 ml. of a 
solution of KOH in H,0 containing 40 g./100 ml. of solution 
are added. The mixture is brought to boiling, the flask 
loosely stoppered and placed in an oven at 75° for 1-5-2 hr. 
After this time a few drops of phenol red are added and the 
mixture acidified with HCl of such a strength that 1 ml. 
makes the mixture definitely acid. After acidification the 
contents of the flask are evaporated almost to dryness on 
a hot plate, the last traces of ethanol being blown out by 
a current of air. The salt in the residue is dissolved in 
0-5-1 ml. of water. If more water is added, it is likely that 
the extraction will be incomplete. The flask is replaced on 
the hot plate and, when the mixture is hot, 10 ml. of light 
petroleum (L.P.) (b.p. 40-60°) are poured into the flask, 
which is vigorously rotated. After a few minutes’ standing, 
the L.p. extract is decanted from the coloured fluid into a 
15 ml. conical centrifuge tube and concentrated, with the 
aid of a boiling rod,* by placing the tube in a beaker of 
hot water (about 50°), in order to allow space for the 
following extracts. The contents of the conical flask are 
extracted three times more with boiling L.p. After the last 
extraction the mouth of the flask is also rinsed with a few 
drops of L.p. All the extracts are combined in the centrifuge 
tube, and finally concentrated to approximately 0-5 ml. 
[Kelsey, 1939]. 

Cholesterol is precipitated by addition of 4 drops of 5% 
(w/w) HCl and of 4 ml. of a 0-25% (w/v) solution of digi- 
tonin in ethanol. The boiling rods are left in the tubes and 
used for thorough mixing of the contents. The tubes are 
left standing overnight in a sealed jar at room temperature. 
The boiling rods are removed to a numbered rack and the 
cholesterol digitonide separated by centrifuging for 5 min. 
The supernatant fluid (fluid A) is decanted and can be 
saved for the determination of total fatty acids. The chole- 
sterol digitonide and, the sides of the tube are washed with 
3 ml. of acetone-ether (1:2, v/v), the digitonide well stirred 
with the boiling rod and again centrifuged for 5 min. The 
washing is decanted and the digitonide washed twice more 
with 3 ml. portions of ether [Schoenheimer & Sperry, 1934; 
Sturges & Knudson, 1938]. 

To the digitonide thus purified 7 ml. of benzene are 
added and the boiling rod replaced. The tube is put into a 
beaker of hot water (80-82°) and the benzene kept boiling 
for 45 min.; the amount of benzene is kept above 5 ml. by 


* A lem. long capillary tube fused on to a 2mm. 
glass rod. 


ESTIMATION OF CHOLESTEROL 469 


adding small volumes of benzene to the tube from time to 
time. After 45 min. the benzene is concentrated to 2 ml., 
and while still hot, 9 ml. of L.p. are rapidly added to pre- 
cipitate digitonin. Thorough mixing is essential, and about 
10 min. are allowed for the precipitation of digitonin. After 
centrifuging for 5 min. the supernatant fluid, which con- 
tains the cholesterol, together with three successive L.P. 
washings of the digitonin, is poured into a small glass- 
stoppered conical flask and evaporated to dryness on a hot 
plate, the last traces of L.p. being blown out [Kelsey, 1939]. 

When the flasks are cool, the cholesterol is dissolved in 
5 ml. of CHCI,, and the flasks placed in a dish containing 
water kept at 18°. After a few minutes, 2 ml. of a freshly 
prepared mixture of acetic anhydride and conc. H,SO, 
(20:1, v/v), also cooled to 18°, are added and well mixed 
with the CHCl,. The flasks are kept in H,O and placed in 
a dark place. Standards are prepared at the same time, 
and after 60 min. the colour comparison is made in a 
colorimeter [cf. Ireland, 1941]. Only the samples which are 
actually to be compared are removed from the darkness. 

If the amount of cholesterol in the sample is over 1 mg., 
more digitonin can be used than described. In this case 
14 ml. of benzene are used for the decomposition of digi- 
tonide, and at the stage of colour development the chole- 
sterol is dissolved in 10 or 15 ml. of CHCl, and 4 or 6 ml. 
of the acetic anhydride-H,SO, mixture are added. 

If total fatty acids are to be determined, the supernatant 
fluid (fluid A) from the cholesterol digitonide is decanted 
into another centrifuge tube and concentrated to about 
1 ml.; the acetone-ether washing of the digitonide is added 
and the whole again concentrated to 1 ml. The ether 
washings are also added; excess digitonin will be precipi- 
tated and is centrifuged off. The supernatant fluid contains 
the fatty acids. This fluid is quantitatively decanted and 
evaporated to dryness and the fatty acids dissolved in a 
small volume of L.p. Their amount can be determined by 
the dichromate oxidation method’of Bloor [1928]. The 
fatty acids thus isolated cannot be used for the determina- 
tion of their iodine values because, apparently during the 
treatment with digitonin and HCl, they become more 
saturated. 

Free cholesterol. To determine free cholesterol, it is neces- 
sary to separate first the phospholipids from a suitable 
sample of the ethanol-ether extract of the tissues, since 
digitonin will also precipitate the phospholipids [McEwen 
& MacLachlan, 1941]. A sample of the extract is evaporated 
to dryness on a hot plate and the residue thoroughly ex- 
tracted with L.p.; the L.p. extract is concentrated to 2 ml. 
in a conical centrifuge tube and 7 ml. of acetone and 
3 drops of a saturated solution of MgCl, in ethanol are 
added to. precipitate phospholipids [Bloor, 1929]. After 
centrifuging, the phospholipid-free supernatant fluid, which 
contains chiefly free cholesterol, cholesteryl esters and 
neutral fats, is decanted into another centrifuge tube. The 
phospholipids are washed with two 2 ml. portions of acetone, 
These are combined with the decantate and the whole 
concentrated to 0-5 ml. by immersing the centrifuge tube 
in a beaker of hot water (about 60°) and by using a boiling 
rod. 4 ml. of the digitonin solution and 4 drops of 5% HCl 
are added and the tubes left overnight in a sealed jar. The 
cholesterol digitonide is separated by centrifuging. The 
supernatant fluid (fluid B) is decanted and can be saved 
for the determination of ester cholesterol, and of fatty 
acids derived from neutral fats and cholesteryl esters. The 
purification, decomposition of the digitonide and the colour 
development are done as described for total cholesterol. 





470 


Ester cholesterol. Fluid B, supernatant after the free 
cholesterol has been separated as digitonide, contains chole- 
steryl esters, neutral fats and excess digitonin. After the 
excess digitonin has been precipitated as indicated for the 
determination of total fatty acids (treatment of fluid A), 
the supernatant fluid is decanted, evaporated and saponi- 
fied, extracted with L.P., and the cholesterol determined 
by precipitation with digitonin as described for total chole- 
sterol. If desired, the fatty acids derived from neutral fats 
and cholesteryl esters can also be separated in the same 
way as total fatty acids. 

Table 1 shows the amounts of cholesterol recovered after 
it has been added, dissolved in CHCl,, to ethanol-ether 
extracts of known cholesterol content. The accuracy of the 
method is further illustrated by the results given in Table 2, 
which are examples of determinations of total, free and 
ester cholesterol on various tissue extracts. 


Table 1. Recovery of cholesterol added in CH Cl, 
solution to ethanol-ether extracts of tissues 


Cholesterol 
recovered 
(mg.) 
0-496 
0-502 
0-498 
0-500 
1-000 
1-000 


Cholesterol 
added 
(mg.) 
0-500 
0-500 
0-500 
0-500 
1-000 
1-000 


Cholesterol 
recovered 
(mg.) 
0-199 
0-199 
0-198 
0-200 
0-400 
0-400 


Cholesterol 
added 
(mg.) 
0-200 
0-200 
0-200 
0-200 
0-400 
0-400 
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Table 2. Results of total, free and ester cholesterol 
determinations in extracts of various tissues 


Cholesterol content 
mg./100 g. moist tissue 
s oe 
Ester 
22 
27 
23 
107 
45 
60 
64 
30 
2100 
85* 
12 


Free 
202 
198 
358 
219 


137 
171 
194 


225 

420 
65* 
74 


Total 
220 
224 
381 
326 
193 
230 
255 
252 

2500 
152* 

88 


* mg./100 ml. of plasma. 


Material 
Human kidney cortex 


Human kidney medulla 


Human liver 
Human adrenal 
Human plasma 
Human heart 


> 
~ > 


SUMMARY 


A method is described for determination of total, 
free and ester cholesterol in tissue extracts by a 
combination of the method of Schoenheimer and 
Sperry (modified by Sturges and Knudson) with 
that of Kelsey. 
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Adrenaline and Related Substances in Blood and Tissues 


By W. RAAB, Departments of Biochemistry and Medicine, University of Vermont, 
College of Medicine, Burlington, Vt., U.S.A. 


(Received 27 May 1943) 


The results obtained with the colorimetric method 
of Shaw [1938], for the assay of adrenaline in blood 
and tissues, cannot be attributed to adrenaline 
alone, since the denominator of the ‘specific ratio’, 
i.e. the ratio of the results with acid and with alkali 
[cf. Shaw, 1938], was found, with a few exceptions, 
to be considerably lower than that of adrenaline 
itself (Table 1). Quantitative adsorption of ascorbic 
acid by Al(OH), at a pH of about 8-5 has been 
regularly observed by the writer, and thus ascorbic 
acid must be regarded as participating in the colori- 
metric results, contrary to a statement by Shaw 
[1938]. Despite the low value of the denominator 
of the specific ratio (henceforth designated d.s.r.) 
for ascorbic acid (0-3), this substance alone cannot 


be responsible for the low d.s.r.’s generally found in 
blood and most tissues, including the adrenal glands 
(Table 1). Its chromogenic intensity is too weak 
(Table 2) and its reported average concentrations 
in blood and tissues (Table 3) are too small. 
Many chromogenic substances other than adre- 
naline and ascorbic acid are eliminated by the ad- 
sorption procedures of the method. Certain chro- 
mogenic hormonal steroids, which are by themselves 
not adsorbed on Al(OH);, were originally believed 
[Raab, 1941 a,b,c] to be partially adsorbed at 
pH 8:5 in the presence of adrenaline, owing to the 
formation of a hypothetical ‘adreno-cortical’ com- 
pound. This conception is now abandoned since it 
was found that steroids pass quantitatively into 
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Table 1. Normal averages of colorimetric results 
obtained from tissues and blood 


Content of Deno- 
adsorbable minator 
chromogen ofthe No. of 
(colour units/ specific — speci- 
Organ g. or ml.) ratio* mens 
Adrenal glands 
(rat) 259,311 1-26 56 
(man, medulla) 232,000 1-33 6 
(man, cortex) 23,820 1-51 6 
Spleen (rat) 2,322 1-00 20 
Testis (rat) 1,960 1-07 2 
Brain (rat) 1,775 0-89 19 
Liver (rat) 1,765 0-98 26 
Kidney (rat) 1,180 1-08 28 
(man) 1,438 1-32 14 
Heart (rat) 946 1-00 40 
(man) 698 1-37 21 
Muscle (rat) 898 1-88 19 
Aorta (man) 493 3-50 17 
Renal artery (man) 258 3-55 8 
Blood (man) 156 1-06 51 
(dog) 168 ? 3 
(cat) 123 ? 2 


* A value greater than 2-0 indicates pure or almost pure 
adrenaline, or sympathin; a d.s.r. between 2-0 and 1-0 
indicates the presence of both adrenaline and other ad- 
sorbable chromogens with a d.s.r. lower than that of adre- 
naline; a d.s.r. of 1-0 or below indicates the exclusive 
presence of adsorbable chromogens other than adrenaline 
or sympathin. 


Table 2. Chromogenic properties and adsorbability 
of some substances related to adrenaline 


Colour Deno- 
intensity minator 
compared of the Adsorba- 
with that of specific bility at 
Substance adrenaline ratio pH 8-5 

Adrenaline 1 2-0-3-5* + 
Ascorbic acid 1/320 0-3 + 
Adrenalone 1/11 1-1 + 
Dihydroxyphenylalanine 1/3 1-1 + 
Epinine (synthetic) . 1/6 1-1 ca 
Leukoadrenochrome (?) ? 1-0 + 
Pyrocatechol 1/9 0-6 + 
Adrenochrome 1/5 1-0 - 
Benzoquinone 1/10 2-4 
Quinol 1/20 2-7 - 


* These d.s.r.’s are found if adrenaline is subjected to 
the adsorption procedures; without these it is about 5-0 
(ef. Shaw, 1938]. 


Table 3 


The average amounts of ascorbic acid present in various 
tissues according to data collected from the literature 
would have to be multiplied by the figures given below in 
order to lower the d.s.r. of pure adrenaline to the d.s.r.’s 
actually found in the following tissues: 


Adrenal glands 10-20 Heart muscle 7 
Spleen 2 Striated muscle 1-1} 
Liver 2 Brain 3-4 
Kidney 3-4 Blood 4-5 
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organic solvents (chloroform, petroleum ether) from 
aqueous solutions containing adrenaline, while the 
latter remains in the water. The original erroneous 
conception had been based on the following facts: 
(a) increased colour effect and lowered d.s.r. of 
adrenaline solutions to which cortical and other 
steroids had been added; (b) quantitative recovery 
of the entire chromogenic material in chloroform 
extracts of dried blood and tissues. ‘The first pheno- 
menon is probably to be explained by an alteration 
of the adrenaline molecule, rather than by a com- 
bination with the added steroids; the second one 
seems to be due to the fact pointed out by Kendall 
[1942] and confirmed by the writer, that adrenaline, 
which is otherwise chloroform-insoluble, becomes 
chloroform-soluble in the presence of lecithin. The 
same was found to be true also for ascorbic acid 
and adrenalone. 

If a chromogenic substance is to be estimated by 
Shaw’s method, it must be adsorbed by Al(OH), at 
a pH of about 8-5. A search for adsorbable sub- 
stances which might account for the low d.s.r.’s 
found in blood and tissues revealed the fact that 
this condition was fulfilled only by such chromo- 
genic substances as possessed two or more adjacent 
OH groups on a benzene ring or heterocyclic ring 
containing oxygen. Thus, besides adrenaline proper 
and ascorbic acid, a number of adrenaline-like sub- 
stances with an intact catechol nucleus were found 
to be detectable with the method used (Table 2). 
Pyrogallol and gallic acid which, by virtue of their 
adjacent hydroxyl groups, are also adsorbable, are 
probably not present in blood and tissues. 

The integrity of the catechol nucleus of adrenaline 
and related substances appears to be of funda- 
mental significance for the adsorbability by Al(OH), 
in an alkaline medium, as well as for the especially 
high elecirical potential of adrenaline and related 
catechols [Ball & Chen, 1933] and, according to 
Tainter [1930] and Vaughan, Perkins & Derbes 
[1942], for the sympathomimetic properties of these 
substances. Adrenochrome and quinones give a 
somewhat intense colour reaction (Table 2), but, 
lacking OH groups in adjacent positions, they are 
not adsorbable by Al(OH), at pH 8-5. Their elec- 
trical potential is lower than that of catechol com- 
pounds [Ball & Chen, 1933] and their pharmacody- 
namic effects are of a prevailingly depressant char- 
acter, such as is the case with adrenoxin [Heirman 
& Bacq, 1940], and other quinones [Oster & 
Sobotka, 1942]. The conclusion is reached that, 
except in those instances in which a d.s.r. greater 
than 2-0 indicates the presence of pure or almost 
pure adrenaline [or sympathin; Cannon & Lissak, 
1939], the results obtained with Shaw’s method are 
due not only to adrenaline itself and to ascorbic acid, 
but also to certain adrenaline-like catechol com- 
pounds with a d.s.r. lower than that of adrenaline. 
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Even the isolated human adrenal medulla did not 
yield pure adrenaline. Its very high content of 
adsorbable chromogenic material (Table 1) had an 
average d.s.r. as low as 1-33. The d.s.r.’s of rat 
adrenals were similarly low and showed only insigni- 
ficant alterations under various experimental con- 
ditions. 

The colorimetric results of Shaw’s method as 
applied by Raab [1941 a, b] are expressed in ‘colour 
units’, each unit corresponding to the chromogenic 
intensity of 0-001 ug. of adrenaline. 

The adrenal glands contain by far the largest 
amounts of adsorbable chromogen (Table 1). Its 
concentration in the cortex of human glands was 
about one-tenth of that in the medulla, possibly 
due in part to post-mortem contamination. 

Relatively large amounts of an adsorbable chro- 
mogen not identical with adrenaline itself were also 
present in liver, kidney and brain (Table 1), organs 
which are known to remove adrenaline most effi- 
ciently from perfusing fluids [Bernheim, 1942] and 
to contain the highest concentrations of an amine- 
oxidase which destroys adrenaline through oxida- 
tive deamination of its side-chain [Blaschko, Richter 
& Schlossmann, 1937]. The striated muscle, on the 
other hand, in which the adrenaline-destroying 
oxidase is not present [Blaschko et al. 1937] con- 
tained mainly adrenaline, and the proportion was 
even higher in the tissue of arterial walls. Since 
muscular tissue has only a weak tendency to remove 
adrenaline from perfusing fluids [Pak, 1926], it 
seems probable that at least part of its content in 
chromogenic material with a high d.s.r. is identical 
with sympathin deriving from peripheral adrenergic 
neurones [Cannon & Lissék, 1939]. 

The lowest content of adsorbable chromogen was 
found in blood with a d.s.r. close to 1-0 under 
standard conditions, which indicates that adrenaline 
itself, if it is present in blood, circulates in very 
small amounts only. Bloor & Bullen [1941], using 
another modification of Shaw’s method, came to 
the same conclusion. 

The doubtful specificity of Shaw’s method made 
it desirable to investigate its usefulness as a criterion 
of adrenal activity by correlating its results with a 
variety of experimental and clinical conditions 
which are known or suspected to be accompanied 
by alterations of adrenal secretion or hormone 
deposition. 


More than 3000 determinations were carried out for this 
purpose with the following results, some of which have 
been published in detail [Raab, 1941 a, b, c, d, e, 1942]. The 
term ‘chromogen’ signifies material which is adsorbed by 
Al(OH), at a pH of about 8-5 and estimable by Shaw’s 
method. 

(1) Injection of adrenaline (0-5-1-0 mg.) was followed 
within 30 min. by an average increase of the d.s.r. of human 
blood from 1-11 to 1-58, while the total level of chromogen 
showed only an insignificant elevation (10 exp.). In rats, 
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both the concentration of chromogen and the d.s.r. were 
increased in the kidney, liver, brain and particularly in 
the heart muscle (+ 138%). The latter displayed an out- 
standing tendency to accumulate both injected adrenaline 
and other catechol compounds (adrenalone, dihydroxy- 
phenylalanine, pyrocatechol) (52 exp.). 

(2) Injection of thyroxin in rats increased the myocardial 
d.s.r. (10 exp.). After pretreatment with thyroxin the 
myocardial accumulation of injected adrenaline was in- 
tensely accelerated and increased with resulting cardiac 
death within a few minutes (6 exp.). 

(3) Injection of desoxycorticosterone acetate in man was 
followed by a slight increase of the d.s.r. of the blood 
(12 exp.). In rats it was followed by an increased chro- 
mogen content of kidney, liver and heart muscle with only 
little change of the d.s.r. (30 exp.). The vasopressor effect 
of adrenaline was markedly increased by pretreatment. with 
desoxycorticosterone acetate (6 exp.). 

(4) Injection of insulin. 10-15 units applied intraven- 
ously increased the d.s.r. of human blood from 1-09 to 1-40 
within 45 min. (5 exp.). In rats the chromogen concentra- 
tion and d.s.r. of the heart muscle, liver, brain and striated 
muscle were increased (40 exp.). 

(5) Vitamin B, deficiency. The myocardial adsorbable 
chromogen was markedly increased in rats. Administration 
of thiamin chloride restored conditions to normal within 
a few days (15 exp.). 

(6) Exposure to cold. Increase of chromogen and d.s.r 
in the heart muscle of.rats; in the striated muscle the total 
chromogen was diminished but the d.s.r. was increased 
(20 exp.). 

(7) Physical exercise. In fourteen normal persons a slight 
elevation of the average blood chromogen and an elevation 
of the d.s.r. from 0-86 to 1:28 took place within 2-5 min.; 
return to normal followed within 15 min. In rats a con- 
siderable increase of the myocardial chromogen and d.s.r. 
occurred (30 exp.) and in the striated muscle a diminution 
of the total chromogen accompanied by an increase of the 
d.s.r. (30 exp.). 

(8) Adrenalectomy in rats was followed by a diminution 
of the chromogen of the heart muscle (22%), kidney (7%), 
liver (33 %), brain (24%), striated muscle (19 %) and spleen 
(47%), with only little change of the d.s.r. (60 exp.). In 
one adrenalectomized dog the blood chromogen level de- 
creased steadily without, however, falling below the lowest 
limit of normal. 

(9) Essential hypertension. At rest a normal blood chro- 
mogen level in 36 cases, but an increased average elevation 
of the blood chromogen after exercise (14 exp.). 

(10) Angina pectoris. In twelve cases a normal chro- 
mogen level at rest,-but abnormally high elevations of the 
blood chromogen after exercise (average from 140 to 195 
colour units/ml.). 

(11) X-ray irradiation of the adrenal region diminished 
the myocardial chromogen of rats after exercise (14 exp.). 
In seven patients with angina pectoris the abnormal chro- 
mogen discharges were abolished together with the anginal 
symptoms for periods of several months. 

(12) Pulmonary edema in two cardiac patients was ac- 
companied by an abnormal increase of the blood chromogen 
level. 

(13) Kidney insufficiency with uremia was regularly 
accompanied by a strikingly elevated chromogen level 
of the blood (average 372 colour units/ml.) with an 
average d.s.r. of 1:13, probably due to impaired excretion 
(17 cases). 
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(14) Cushing’s disease. Four cases showed a blood chro- 
mogen level near the upper limit of the normal range 
(average 215 colour units/ml.). 

(15) Addison’s disease. In one mild case the chromogen 
level was moderately below the normal average (98 colour 
units/ml.). 

(16) ‘Hypertensive’ and ‘arteriosclerotic’ heart disease 
with cardiac failure. In the heart muscle either the total 
chromogen or the concentration of adrenaline proper was 
abnormally high in 78% of 32 cases. In one case the 
myocardial chromogen was abnormally low after thera- 
peutic sympathectomy, which may be comparable with the 
disappearance of chromogenic material from the cat’s heart 
after denervation, as observed by Cannon & Lissdk [1939]. 

(17) Unexplained sudden cardiac death of a young 
athlete. The chromogen concentration of the heart muscle 
was excessively high (1622 colour units/g. against an 
average of 698 in 21 normal hearts). 

(18) Ageing and arteriosclerosis. The average chromogen 
concentrations of heart, kidneys and arterial walls were 
found to be lowest in early childhood. They increased 
gradually and reached a maximum in senile age. Particu- 
larly high chromogen concentrations were found in arterio- 
sclerosis (138 specimens). 

(19) Adrenal tumours. In two cases with adrenal 
tumours, abnormally high chromogen concentrations were 
found in arterial walls and kidneys. 
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SUMMARY 


1. The results obtained with the method of Shaw 
[1938] for the assay of ‘adrenaline’ in blood and 
tissues (adrenal glands, liver, spleen, kidney, brain, 
heart) are due to the presence in these tissues not 
only of adrenaline itself, but also of adrenaline-like 
substances which contain a catechol nucleus, and 
of ascorbic acid. Thus, although the method is not 
specific for adrenaline, it can be used for investiga- 
tions of adrenal and adrenergic function in a 
broader sense. 

2. The results of numerous determinations car- 
ried out under various experimental and clinical 
conditions are in general accord with existing know- 
ledge or concepts regarding adrenal and adrenergic 
physiology and pathology. 

3. Contrary to the author’s earlier view, it is no 
longer held that the low denominator of the ‘specific 
ratio’ obtained by Shaw’s method for many tissues 
is due to the presence of adrenaline in combination 
with cortical hormones. This ratio is low when 
adrenaline-like compounds or ascorbic acid are 
present. 
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Studies on Cholinesterase 
3. SPECIFIC TESTS FOR TRUE CHOLINESTERASE AND PSEUDO-CHOLINESTERASE 


By B. MENDEL, DOROTHY B. MUNDELL anp H. RUDNEY, Banting and Best Department 
of Medical Research, Banting Institute, University of Toronto, Canada 


(Received 20 April 1943) 


In the animal body. two esterases capable of hydro- 
lysing acetylcholine exist: a true cholinesterase, 
acting exclusively on certain choline esters, and a 
non-specific enzyme, which also hydrolyses a variety 
of non-choline esters [Mendel & Rudney, 1943]. The 
non-specific or pseudo-cholinesterase, purified from 
horse serum and from dog pancreas [Mendel & 
Mundell, 1943], exhibits its maximum activity at 


high concentrations of acetylcholine (above 300 mg./ 
100 ml.), and is far less active at low substrate 
concentrations; the specific or true cholinesterase, 
on the other hand, found in red blood cells and 
brain tissue, displays its greatest activity at low 
substrate concentrations (below 3 mg./100 ml.) and 
is strongly inhibited at high concentrations of 
acetylcholine. 
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These differences in activity make it possible to 
decide whether an enzyme solution contains mainly 
pseudo- or true cholinesterase. The activity is 
measured towards 0-06M and 0-0006M acetyl- 
choline: a ratio (activity at 0-06M/activity at 
0-0006_M acetylcholine) of 3, as found with horse 
serum, indicates a preponderance of pseudo-cholin- 
esterase; conversely, a ratio of 0-3, obtained, for 
example, with erythrocytes, points to the pre- 
dominance of true cholinesterase. 

To measure quantitatively the activities of true 
and pseudo-cholinesterase, new tests based on the 
following facts are used: 

(1) Acetyl-8-methylcholine (dl-acetyl-f-methy]l- 
choline chloride—‘Mecholyl’—Merck) is hydro- 
lysed by true but not by pseudo-cholinesterase. 

(2) Benzoylcholine is hydrolysed by pseudo- but 
not by true cholinesterase. The benzoylcholine 
chloride used was prepared according to Fourneau 
& Page [1914] and Baer [1942], and was further 
purified by refluxing with absolute acetone. Both 
preparations had m.p. 206°. 

(3) Neither acetyl-8-methylcholine nor benzoyl- 
choline is hydrolysed by the common esterase, an 
enzyme capable of hydrolysing glycerides and ali- 
phatic esters [Easson & Stedman, 1937]. 


EXPERIMENTAL 


(a) Specificity of substrate. Table 1 gives the re- 
sults of experiments in which preparations of true 
and pseudo-cholinesterase were allowed to act on 
acetyl-8-methylcholine and on benzoylcholine. All 


Table 1. Hydrolysis of acetyl-B-methylcholine 
and benzoylcholine 


Hydrolysis (ul. CO, evolved 
in 20 min.) of 


Acetyl-f- 
methyl- 
choline 
0-03 M 


Benzoyl- 
choline 
0-006 M 


Acetyl- 
choline 


Type of ‘cholinesterase’ 0-02 M 


Pseudo-cholinesterase : 
Horse serum, purified pre- 
paration (Qach 52,000) 
Dog pancreas, purified pre- 
paration (Qach 430,000) 
True cholinesterase: 
Human red _ blood 
purified preparation 


cells, ¢ 76 


Dog brain (nucleus caudatus) 99 79 


All the results given above and in subsequent tables are 
corrected for non-enzymic hydrolysis. 


measurements of enzyme activity were carried out 
manometrically, as previously described [Mendel & 
Rudney, 1943]. These results show that acetyl-f- 
methylcholine is hydrolysed very slowly, if at all, 
by pseudo-, but readily by true cholinesterase. 
Benzoylcholine, on the other hand, is not hydro- 
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lysed at all by true cholinesterase, but fairly rapidly 
by pseudo-cholinesterase. Fortunately, neither of 
these two esters is hydrolysed by the common 
esterase. When guinea-pig plasma, which contains 
both cholinesterases as well as common esterase, is 
allowed to act on benzoylcholine or acetyl-g- 
methylcholine in the presence of 10-°M eserine 
(a concentration completely inhibiting both cholin- 
esterases, but not interfering with the action of the 
common esterase), no hydrolysis of either acetyl-B- 
methylcholine or benzoylcholine occurs (Table 2). 


Table 2. Effect of eserine on the hydrolysis of 
various substrates by guinea-pig plasma 


Hydrolysis (ul. CO, evolved in 10 min.) of 
NF 
Acetyl-B- 
methyl- 
choline choline 
M 0-003 M 0-06 M 003M 0-006M 
0 1560 321 28 118 
10-* 1510 0 0 0 


All results represent the activity of 0-5 ml. plasma. 


Benzoyl- 
choline 


Conc. of Tri- 
eserine butyrin 


Acetyl- 


(b) Estimation of true and pseudo-cholinesterase 
in blood. Tables 3 and 4 show that enzyme concen- 
tration and reaction velocity are directly propor- 
tional under the experimental conditions selected. 


Table 3. Hydrolysis of acetyl-B- 
methylcholine (0-03M) 


Haemolysed human 
erythrocytes 
(ml.) pl. CO,/10 min. 
0-05 7-0 
0-1 13-8 
0-2 28-2 
0-3 42-0 


Table 4. Hydrolysis of benzoylcholine (0-006 M) 


Horse plasma 
(ml.) pl. CO,/10 min. 
12-8 
26-0 
52-6 
76-8 


On the basis of the observations of Tables 1-4, 
quantitative estimations of true and of pseudo- 
cholinesterase in blood were made with acetyl-f- 
methylcholine and benzoylcholine respectively. For 
comparison, the activity of the blood was also 
measured with the old method, with acetylcholine 
(0-06 M and 0-0006 M) as substrate. The procedure 
adopted was as follows: 


Freshly drawn oxalated blood was used, and care was 
taken to avoid haemolysis. The blood was centrifuged for 
15 min. in a haematocrit at 2000 r.p.m. The blood cells 
were washed twice with 0-9% NaCl and then brought to 
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the original blood volume with water. 0-2 ml. of this solu- 
tion, in a total volume of 3 ml., was used for the estimation 
of blood-cell activity with acetyl-8-methylcholine and 
benzoylcholine. For the measurement of the pseudo- 
cholinesterase in plasma, 0-1—-0-2 ml. of plasma, in a total 
volume of 3 ml., proved sufficient, while 1 ml. of plasma, 
in a total volume of 6 ml., was required to measure the 
activity of the true cholinesterase, since the plasma of 
several species contains only small amounts of this enzyme. 
0-03 M acetyl-8-methylcholine and 0-006 M benzoylcholine 


pl. CO,/20 min 
8 
pl. CO,/10 min 


0 ; 
0 0005 0-01 0-015 0°02 09025 0:03 
Acetyl-8-methylcholine (molarity) 


Fig. 1. 
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however, disclose the unexpected fact that plasma 
II, in spite of its greater activity at low concentra- 
tions of acetylcholine, contains far smaller amounts 
of true cholinesterase than plasma I. The apparent 
discrepancies in these results are easily understood 
when the action of the pseudo-cholinesterase, 
present in greater amounts in plasma II than in 
plasma I, is taken into account: the pseudo-cholin- 
esterase, being capable of exerting some effect even 


80 
60 
din iii =e ani asada 
40 
20 
0 
0 0°0025 0-005 0°0075 0°01 
Benzoylcholine (molarity) 
Fig. 2. 


Fig. 1. Hydrolysis of acetyl-8-methylcholine. x—x dog plasma; e—e human plasma; “—© purified 
human blood ceils; o—o horse plasma. 


Fig. 2. Hydrolysis of benzoylcholine. x—x dog plasma; e—e human plasma; o—o horse plasma. 


were used in all experiments. These substrate levels were 
well above the optimum found for any one species. Some 
of the activity-substrate concentration curves obtained 
with plasma and cells are shown in Figs. 1 and 2. 


RESULTS 


Table 5 shows that wide variations in the activity 

of the true cholinesterase in plasma remain un- 

noticed when acetylcholine is the substrate. Since 

Table 5. Cholinesterase activity of 1 ml. dog plasma 
(ul. CO, evolved in 20 min.) 


Acta: Acetylcholine 
methyl- Benzoyl- ———~———, 
choline choline (a) (b) Ratio 
003M 0006M 006M 0-0006M (a)/(b) 
Dog I 112 376 682 476 1-4 
Dog II 54 803 1438 577 2-5 


plasma II is more active than plasma I both at 
high and at low concentrations of acetylcholine, it 
would appear that plasma II contains larger 
amounts of both pseudo- and true cholinesterase. 
The presence of more pseudo-cholinesterase in 
plasma IT is confirmed by the measurements with 
benzoylcholine. Tests with acetyl-8-methylcholine, 


at low concentrations of acetylcholine, adds its 
activity at this substrate level to that of the true 
cholinesterase, and thereby renders estimations of 
the true cholinesterase illusory. 

The experiments in Table 6 show the distribution 
of the two enzymes in plasma and cells of various 
species and disclose the following facts: (1) The 
blood of some species (ox, sheep) contains no 
pseudo-cholinesterase (Exps. 6, 7). (2) True cholin- 
esterase is present in the blood of all species investi- 
gated (Exps. I-11). (3) In most species the true 
cholinesterase is located mainly in the red blood 
cells, the plasma containing smaller amounts of the 
enzyme (Exps. 1-7). (4) Scarcity or lack of true 
cholinesterase in the blood cells of certain species 
(cats, birds) is compensated for by the presence of 
a comparatively larger amount of true cholin- 
esterase in the plasma (Exps. 8-11). 

The constant presence of true cholinesterase in 
blood suggests that this enzyme performs an essen- 
tial function in the blood stream. By virtue of its 
ability to deal with low concentrations of acetyl- 
choline, the true cholinesterase in all probability 
plays a major part in regulating the amount of 
acetylcholine in the circulation. Pseudo-cholin- 
esterase, being absent from the blood of certain 
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Table 6. Activity of plasma and cells contained in 1 ml. of blood 






pl. CO, evolved in 20 min. 











‘ 
: Acetyl-B- Acetylcholine 
methylcholine Benzoylcholine —_s 
0-03. M 0-006 M (a) (b) 
—_— — — — 006M 0-:0006M Ratio 
Exp. Source of blood Plasma Cells Plasma Cells Plasma Plasma (a)/(b) 

] Man: B.M. 3 17 848 411 0 1116 472 2-4 
H.R. 3 16 769 409 0 1075 414 2-6 
D.M. ¢ 11 761 288 0 805 288 2-8 
D.M. 2 months later 12 — 289 —- 801 275 2-9 
2 Horse: (i) 3 24 169 261 0 833 241 3-5 
(ii) ¢ 15 160 231 0 844 227 3-7 
3 Dog: (i) § 37 150 224 0 409 234 1:7 
(ii) J 33 92 485 0 868 348 2-5 
4 Guinea-pig: (i) J 49 224 287 0 635 336 1-9 
(ii) 3 57 190 293 0 773 502 1-5 
5 Rabbit 37 67 48 0 102 64 1-6 

6 Ox Trace 425 0 0 Trace Trace 
7 Sheep 31 149 0 0 32 94 0-3 
8 Cat: (i) 3 54 32 102 0 404 242 1:7 
(ii) Q 27 16 83 0 365 183 2. 
9 Chicken 179 Trace 28 0 416 279 5 
10 Duck 26 Trace 15 0 108 101 1 
11 Pigeon: (i) ¢ 37 0 = --- 503 361 1-4 
(ii) 3 43 0 as a 582 22 1-4 


species, is apparently not indispensable in this 
respect; moreover, it could play only a minor role 
in controlling the level of acetylcholine in the blood, 
since it is unable to hydrolyse low concentrations 
of this substrate efficiently. 


& 
SUMMARY 


1. Measurements of cholinesterase activity in 
which acetylcholine is used as substrate give an 
inaccurate picture of the levels of true cholinesterase 


and pseudo-cholinesterase in any mixture of the 
two enzymes. 

2. Methods for quantitative estimations of true 
cholinesterase and pseudo-cholinesterase based on 
the use of acetyl-8-methylcholine and _ benzoyl- 
choline as substrates are described. 
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Bacterial Reduction of Tetrathionate 
(A REPORT TO THE MEDICAL RESEARCH COUNCIL) 


By M. R. POLLOCK anp R. KNOX, Emergency Public Health Laboratory, Leicester 


(Received 27 April 1943) 


We have previously reported that certain intestinal 
organisms have the power of reducing tetrathionate 
quantitatively to thiosulphate [Pollock, Knox & 





Gell, 1942]. The present paper gives the experi- 
mental evidence for this reduction and discusses 
some of the problems which it has suggested. 
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METHODS 


The reaction is followed by direct iodometric titration— 
a method applicable to the study either of a culture growing 
in a tetrathionate medium, or of a washed suspension of 
organisms. Our work has been done mainly with washed 
suspensions of Bacterium paratyphosum B. At first these 
were prepared from the growth on plain nutrient agar, but 
the reaction then showed a long latent period before rapid 
reduction started, making the results difficult to analyse. 
When, however, the organisms were grown on agar con- 
taining a suitable concentration of tetrathionate or when 
a suspension prepared from the growth on plain agar was 
jncubated with tetrathionate and mannitol or glucose for 
a few hours, the resulting suspension, even though re- 
peatedly washed, was highly active, and reduction of tetra- 
thionate was rapid and approximately linear. The signi- 
ficance of this difference between plain agar suspensions 
and tetrathionate-treated suspensions will be dealt with 
in a later paper. 

Preparation of bacterial suspensions. 1 ml. of an 18 hr. 
broth culture of Bact. paratyphosum B was used to inoculate 
each of a series of flat bottles containing about 40 ml. of 
2% nutrient agar prepared from tryptic digest broth. After 
incubation at 37° for 18 hr., the growth was washed off 
with 6 ml. of 4 strength Ringer’s solution. The pooled 
suspensions were then centrifuged and the deposit resus- 
pended in } strength Ringer’s solution to give a volume of 
about 2-5 ml. of suspension from each bottle. This sus- 
pension contained on an average about 12-5 mg. bacterial 
dry weight and 1-16 mg. bacterial N/ml. In a final dilution 
of 1 in 5 it was then incubated at 37° in a mixture con- 
taining 0-01M tetrathionate, 0-02.M mannitol and 0-2 M 
phosphate buffer (pH 7-7) until all the tetrathionate had 
been reduced to thiosulphate. This usually took from 
2 to 3 hr. The mixture was then centrifuged and resus- 
pended in } strength Ringer’s solution up to any convenient 
dilution. 

Preparation of tetrathionate. Tetrathionate prepared in 
the usual way according to the equation 


2Na,S,0,+ I,= Na,S,0,+ 2Nal, (1) 
inevitably contains a high proportion of iodide. This has 


a slight but definite inhibitory effect on reduction of tetra- 
thionate, though it does not appear to affect the reaction 


‘ inany other way. We therefore generally used pure, iodide- 


free tetrathionate prepared by us according to the method 
described by Mellor [1930], although in a few experiments 
we used pure tetrathionate prepared by Messrs Baird and 
Tatlock. After drying over H,SO, the tetrathionate was 
kept at 0° in the dark, and under these conditions, either 
in the solid form or as a 0-1 © solution, it remained stable 
for many weeks. 

Quantitative estimations. (1) The total value of I,- 
reducing substances was estimated by titration with 
standard I, solution after acidification with CH,COOH, 
using 0-5 % starch solution as indicator. 

(2) Polythionates, thiosulphate, sulphite and sulphide 
were estimated by the methods of Kurtenacker & Wollack, 
and Kurtenacker & Bittner, as quoted by Starkey [1935a]. 

(a) Tetrathionate: samples were added to excess Na,SO, 
(2 ml. of a saturated solution) and made just alkaline to 
phenolphthalein. After 5 min. excess formalin was added 
to fix the sulphite, followed by excess CH,COOH. The 
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thiosulphate formed was titrated with standard I, and the 
amount of tetrathionate calculated from the equation 
Na,S,0,+ Na.SO;= Na,S,0,+ Na,8,0,. (2) 

(6) Thiosulphate: I, was added to convert this all into 
tetrathionate by equation (1), and the tetrathionate formed 
estimated by the excess sulphite method. 

(c) Estimations for sulphite were made by fixation with 
formalin, for sulphide by precipitation with ZnCO, and 
filtration, and for pentathionate and trithionate by treat- 
ment with KCN and HgCl, [Starkey, 1935a]. 

(3) Bacterial N, was estimated by the Kjeldahl method. 

(4) Dry weight of bacterial suspensions was determined 
by evaporation (after thorough washing with distilled H,O) 
at 120° to constant weight. 


Estimation of tetrathionate reduction 


Unless otherwise stated the following final concentrations 
were used: 0-01 M tetrathionate, 0-02_MV mannitol and 0-2 M 
phosphate buffer (pH 7-7) containing phenol red as indi- 
cator. Mixtures containing substrates and buffer were pre- 
pared in test tubes (? in. diam.) and warmed for 30 min. 
at 37°. After addition of the separately warmed bacterial 
suspension, the tubes were incubated at 37°. A control 
tube was set up at the same time, containing no bacterial 
suspension. Samples were removed at intervals and mixed 
immediately with an equal volume of 10% CH,COOH, 
thus stopping the reaction at once and acidifying the 
solution for the I, titration. 0-5 ml. of 0-5% starch was 
added to each sample, which was titrated at once with 
standard I,. The presence of the organisms did not interfere 
with accurate titration but ordinary bacteriological pre- 
cautions were taken. pH was estimated colorimetrically. 
With 0-2M buffer and 0-01 M tetrathionate the pH fell 
from 7-7 to about 7-5 by the time all the tetrathionate had 
been reduced, but this slight drop did not affect the 
velocity of the reaction appreciably (see Fig. 4). 


RESULTS 


Fig. 1 illustrates a typical experiment (done in 
duplicate). It can be seen that the I, absorbed 
increases linearly with time until the reaction is 
complete. That this increase in I, absorptive power 
is the result of the quantitative reduction of tetra- 
thionate to thiosulphate is shown by the following 
facts, illustrated by an experiment shown in Table 1. 

(1) Independent estimations, by method 2 (b) 
described above, of thiosulphate formed at each 
stage (column 3) show close agreement with the 
direct I, titrations (column 1). The direct I, titra- 
tions therefore can be taken to represent with a 
reasonable degree of accuracy the actual amounts 
of thiosulphate formed. 

(2) It can be seen by comparing columns (4) 
and (6) (which are calculated directly from the 
actual estimations in columns (3) and (5) respec- 
tively) that at each stage in the reaction the 
molecular concentration of thiosulphate formed is 
approximately twice that of the tetrathionate 
which has disappeared. 
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These facts are in agreement with the following 
equation for the reduction of tetrathionate: 

Na,S,0,+ 2H = Na,S8,0, + H,S,0,, (3) 

in which two molecules of thiosulphate are formed 

from every one of tetrathionate. Since thiosul- 

phurie acid in solution is highly ionized this equa- 
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THEORETICAL LIMIT 


Titration values 


(ml. of 0-005 N J,/1 ml. sample) 





50 


25 


Time (min.) 


Fig. 1. Tetrathionate reduction by Bact. paratyphosum B. 
Suspension mixture contained 0-01M_ tetrathionate, 
0-2 M buffer and 0-02 M mannitol in a final volume of 
12-5 ml. 

The ‘theoretical limit’ line marks the titration value 
to be expected when all the tetrathionate has been con- 
verted into thiosulphate according to equation (3). 


tion could also be expressed as an oxidation of 
H atoms to H ions: 

2H — 2H+ + 2e. (3a) 

This is consistent with the high degree of acidity 

developed during tetrathionate reduction, even in 
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the absence of glucose or mannitol, necessitating 
the use of high concentrations of buffer. 

The close correspondence between the I, titra- 
tions and the amounts of thiosulphate estimated by 
method 2 (b) (Table 1, columns | and 3), is in itself 
evidence that not more than traces of other I,- 
reducing substances are formed. It is true that if, 
for example, sulphite or sulphide were formed 
during the reaction, they would be undetectable 
because they would react chemically with the tetra- 
thionate [Mellor, 1930; Mitchell & Ward, 1932]; 
but if this occurred to any appreciable extent the 
molecular ratio of thiosulphate formed to tetra- 
thionate disappearing would inevitably be less than 
the figure of 2:1 which we have found experimen- 
tally. This can be seen by comparing equations 
(2) and (3). There was also the possibility of the 
formation of other polythionates (pentathionate 
and trithionate), but, if these were produced in any 
quantity, the 2:1 ratio of thiosulphate to tetra- 
thionate would again be upset. Direct estimations 
of these substances (method 2 (c)) have failed to 
reveal their presence at any stage in the reaction. 
It is, however, possible that after complete reduc- 
tion of tetrathionate small amounts of sulphite and 
sulphide are formed: indeed the 60 and 90 min. 
readings in columns (1) and (2), which show a slight 
decrease in the I, value after treatment with for- 
malin, suggest that some traces of sulphite are 
present. Some further action of the organisms on 
the thiosulphate with evolution of H,S is to be 
expected. Washed suspensions of Bact. paratypho- 
sum B can certainly produce H,S from thiosulphate, 
and H,S can be readily detected after such sus- 
pensions have been incubated with tetrathionate— 
as soon as all the tetrathionate has been reduced to 
thiosulphate. Tarr [1933, 1934] has found that 


Table 1. Formation of thiosulphate and disappearance of tetrathionate in tetrathionate reduction 
by Bact. paratyphosum B 


Titration value of 5 ml. samples 
with 0-01 N iodine 


Estimation of thiosulphate 


Estimation of tetrathionate 


ra formed, expressed as concentration expressed 
2 as M x 10-3 
After treat- (3) (4) —-S" 
Time (1) ment with ml. 0-01 M in Cone. (5) (6) 
min. Direct formalin 5ml. samples (Mx 10-%) Still present Removed 
With bacterial suspension 
0 0-3 — 0 0 10-3 0 
15 3-1 — 2-8 5-6 7-4 2-9 
30 6-4 - 6-1 12-2 4:3 6-0 
45 9-7 — 8-9 17-8 1-0 9-3 
60 10-9 10-2 9-8 19-6 0 10-3 
90 10-9 10-1 9-7 19-4 0 10-3 
17 hr. 10-65 10-2 9-9 19-8 0 10-3 
Controls with no bacterial suspension 
0 15 —_ a Ee 10-5 0 
90 0-15 — — _ 10-7 0 


The solutions, both in the control batch and in that with the bacterial suspension, were made up to a volume of 
100 ml., containing 0-01_M tetrathionate, 0-2.M phosphate buffer (pH 7-7), and 0-02 M mannitol. 
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washed suspensions of Proteus vulgaris form H,S 
from thiosulphate. Tarr’s figures, however, showed 
that the rate of H,S production was slow, while it 
can be seen from Table 1 that with Bact. para- 
typhosum B, even after 17 hr. incubation, there was 
no appreciable alteration in the amount of thio- 
sulphate still present. This is still further evidence 
that in the reduction of tetrathionate to thio- 
sulphate subsidiary reactions such as formation of 
sulphite or sulphide are quantitatively insignificant. 


Toxicity of tetrathionate and thiosulphate 


Tetrathionate, up to a concentration of 0-05 M, 
has no inhibitory action on its own reduction 
(Table 2). It is also clear from Fig. 1, where the 
reaction proceeds in a straight line practically to 


Table 2. Affinity of enzyme for tetrathionate 


Velocity of tetrathionate 
reduction 
(absorption of I,, as ml. of 


Initial molarity of 0-005 N I,, by 2 ml. samples, 


tetrathionate after 30 min. incubation) 
0-05 , 1:3 
0-02 13 
0-01 1-35 
0-004 1-35 
0-002 1-35 


Each tube contained washed suspension of Bact. para- 
typhosum B, 0-2M buffer (pH 7-7), 0-02.M mannitol and 
the appropriate concentration of tetrathionate. Total vol.: 
5 ml. Incubation at 37°. 


completion and where the thiosulphate formed ap- 
proached a concentration of 0-02.M, that the thio- 
sulphate likewise had no inhibitory effect within 
the limits used. 


Hydrogen donators for tetrathionate reduction 


Even in the absence of external H, donators, the 
rate of the reaction is rapid (Table 3). This residual 


Table 3. Effect of hydrogen donators on tetrathionate 
reduction by Bact. paratyphosum B 


Velocity of tetrathionate 
reduction 
(absorption of I,, as ml. of 
0-005 N I,, by 2 ml. samples 


Added H donator after 30 min. incubation) 


Glucose 2-45 
Mannitol 2-45 
Lactate 1-95 
Formate 2-35 
No H, donator 1-4 


Each tube was made up to contain bacterial suspension, 
0-01.M tetrathionate, 0-2.M buffer (pH 7-7), and 0-02 M 
H, donator. Total vol.: 5 ml. Incubation at 37°. 


or endogenous reduction constitutes a high propor- 
tion of the total reduction in the presence of man- 
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nitol or glucose. We have been unable to decrease 
it even by repeated washings with } strength 
Ringer’s solution. For Bact. paratyphosum B, glu- 
cose, mannitol, formate, and, to a less extent, 
lactate can act as H, donators for tetrathionate 
reduction. 


Affinity of enzyme for tetrathionate 


It has not been possible to estimate the rate of 
tetrathionate reduction with concentrations of 
tetrathionate lower than 0-002 M, since the quan- 
tity of thiosulphate formed is then too small for 
accurate analysis. But Table 3 shows that there is 
no appreciable decrease in the initial velocity be- 
tween 0-05M and 0-002 M, so that the affinity of 
the enzyme for tetrathionate must be fairly high; 
moreover, the reduction of tetrathionate is linear 
very nearly to the end of the reaction (Fig. 1). In 
the comparison of different velocities we have, 
however, confined our figures to the first half of 
the reaction, and not attached any significance to 
readings after the concentration of tetrathionate 
has fallen below 0-004M. 


Some physical factors affecting 
tetrathionate reduction 


Effect of temperature. From Fig. 2 it can be 
calculated that the mean Q,) value between 18° 
and 37° is 1-94 and between 37° and 43° is 2-64. At 


0 20 40 60 
Temperature (°C.) 

Fig. 2. Effect of temperature on rate of tetrathionate re- 
duction. Velocity of tetrathionate reduction is expressed 
as the absorption of I, (as ml. of 0-005 N I,/1 ml. sample) 
after incubation for 20 min. at the different temperatures. 

Each tube contained washed suspension of Bact. para- 
typhosum B, 0-01 M tetrathionate, 0-2 M buffer (pH 7-7) 
and 0-02 M mannitol. Total vol.: 5 ml. 


higher temperatures the Q,,) falls again, and this 
may possibly be associated with enzyme destruc- 
tion, which is rapid at temperatures above 50°. 
Fig. 3 shows the effect of preliminary heating of a 
bacterial suspension at 56°. It can be seen that the 
activity is reduced by over 50% after only 10 min. 
treatment. 
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Effect of pH. The pH curve (Fig. 4) is of course a 
composite curve of at least two enzyme systems 
and corresponds to the pH curve of many known 
dehydrogenases [Cook & Alcock, 1931]. Accurate 


Velocity 
to 


0 20 40 
Min. of exposure to 56° 


Fig. 3. Rate of inactivation of tetrathionate-reducing 
system at 56°. Initial velocity of tetrathionate reduction 
is expressed as absorption of I, (as ml. of 0-005 N I,/2 ml. 
sample) after incubation for 30 min. at 37°. 

Each tube contained washed suspension of Bact. para- 

; typhosum B (exposed to 56° for varying periods from 

\0 to 45 min.); 0-01 M tetrathionate, 0-2 .M buffer (pH 7-7) 
and 0-02 M mannitol. Total vol.: 5 ml. 





Fig. 4. Effect of pH on tetrathionate reduction by Bact. 
paratyphosum B. Velocity of tetrathionate reduction is 
expressed as absorption of I, (as ml. of 0-005 N I,/2 ml. 
sample) after incubation for 30 min. at 37°. 

Each tube contained bacterial suspension, 0-01 M 
tetrathionate, 0-2 phosphate buffer (pH 6-0-8-3) and 
0-02 M mannitol. Total vol.: 10 ml. 


results below pH 6-0 have not been obtainable, but 
when the reaction ceases in an unbuffered suspen- 
sion mixture, the pH is about 4-0. It can therefore 
be assumed that the velocity below pH 4-0 is 0. 
Effect of oxygen. Facilities were not available for 
testing the effect of known O, tensions, but Table 4 
shows the relative velocities of tetrathionate reduc- 
tion: (1) in evacuated Thunberg tubes, (2) in tubes 
open to the air, (3) in sealed tubes exposed to an 
atmosphere of O,, and (4) in tubes through which 
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Table 4. Effect of oxygen on tetrathionate 
reduction by Bact. paratyphosum B 


Velocity of tetrathionate 
reduction 
(absorption of I,, as ml. of 
0-005 N I,, by 2-5 ml. samples 


Treatment after 30 min. incubation) 
(1) Anaerobic 7-2 
(2) Open to air 6-85 
(3) Exposed to O, 5-75 
(4) ‘Oxygenated’ 0-85 


Each tube contained bacterial suspension, 0-01 M tetra- 
thionate, 0-2M buffer (pH 7-7) and 0-02M mannitol. 
Total vol.: 2-5 ml. Incubation at 37°. 


O, was bubbled continuously. The first three tubes 
showed little difference in velocity, probably be- 
cause in all three cases the conditions were nearly 
anaerobic, since diffusion of O, from the atmosphere 
was not rapid enough to replace the O, in solution 
which was consumed [see Rahn & Richardson, 
1941]. On the other hand, when O, was continu- 
ously bubbled through the mixture, tetrathionate 
reduction was decreased by about 90%. 


Specificity of tetrathionate reduction 


The ability to reduce tetrathionate actively to 
thiosulphate is restricted to certain groups of 
organisms. For investigating the distribution of 
this property in different bacterial groups we used 
the following technique in order to provide condi- 
tions as near optimal as possible for a wide range of 
organisms: 18 hr. broth cultures of organisms to be 
tested were centrifuged and the deposit incubated 
with 0-01M tetrathionate, 0-2.M phosphate buffer 
and 50% tryptic. digest broth as source of H, 
donators. Under these conditions the following 
organisms were found to reduce tetrathionate 
actively: Bact. paratyphosum B and many other 
Salmonellas (but excluding Bact. paratyphosum A), 
Bact. typhosum (Eberthella typhosa), Proteus vulgaris 
and P. morganii, and some intestinal non-pathogens 
of the coliform intermediate group. We were unable 
to detect any tetrathionate reduction by LEsche- 
richia coli I, many of the non-pathogens commonly 
met with in human faeces, dysentery bacilli, Coryne- 
bacterium diphtheriae and a few strains of strepto- 
cocci and staphylococci. Pseudomonas aeruginosa 
(Ps. pyocyanea) occupies an interesting position, 
since it was found to reduce tetrathionate slowly 
and is reported by Starkey [1934, 1935a] to oxidize 
thiosulphate to tetrathionate. 


DISCUSSION 


The bacterial reduction of tetrathionate is of con- 
siderable biological interest and may have im- 
portant implications in several different fields of 
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investigation. The relevance of tetrathionate re- 
duction in the understanding of selective media for 
the diagnosis of suspected typhoid or Salmonella 
infections has been discussed elsewhere [Knox, Gell 
& Pollock, 1943]. We there suggested that tetra- 
thionate might act as an alternative H, acceptor 
to O,. If this is so we should expect that under 
anaerobic conditions tetrathionate would favour 
the growth of those organisms which can reduce it. 
In this way tetrathionate would be similar to other 
H, acceptors such as nitrate [Quastel, Stephenson 
& Whetham, 1925], but would be more specific and 
in that sense selective, because the power to reduce 
tetrathionate is more restricted. We have given 
some experimental results which suggest that this 
is so [Knox et al. 1943]. 

Tetrathionate reduction may be an important 
link in the natural cycle of synthesis and breakdown 
of S compounds by bacteria. Though this has not 
been studied so thoroughly as the N, cycle, there 
has accumulated in recent years some evidence 
indicating how H,S is oxidized to sulphur and 
sulphate and converted to organic sulphur com- 
pounds by certain micro-organisms and then re- 
evolved by subsequent reduction of these substances 
by other bacteria [see summary by Bunker, 1936]. 
Beijerinck [1900, 1904] mentioned that bacteria in 
his group ‘ Aerobacter’, which contained gas-forming 
intestinal organisms, were able to reduce tetra- 
thionate, pentathionate, thiosulphate, sulphite and 
sulphur to H,S. It is now clear that production of 
H,S from tetrathionate by bacterial action occurs, 
at least with the organisms that we have investi- 
gated, only when all the tetrathionate has first been 
reduced to thiosulphate, and that this reduction is 
much more rapid than the subsequent reduction 
of thiosulphate to H,S. Na,S,O, is known to be 
present in many soils [Starkey, 19356] and the 
discovery that it can be rapidly formed from tetra- 
thionate by bacterial action is an interesting 
counterpart to the already well-established fact 
that thiosulphate can be oxidized to tetrathionate 
by certain heterotrophic soil organisms, amongst 
which are members of the genus Pseudomonas 
[Starkey, 1935a]. The widespread occurrence in 
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soils and inland waters of Ps. fluorescens [Waksman, 
1931] may have some connexion with the long 
survival of Bact. typhosum and Salmonellas outside 
the human body, since their supply of an alter- 
native H, acceptor to O, (i.e. tetrathionate) would 
then be continuously renewed. 

The reduction of tetrathionate resembles in many 
ways the reduction of other H, acceptors (e.g. 
nitrate) by bacteria and the mechanism of H, 
transfer is probably similar. O, inhibits the reduc- 
tion of nitrate [Stickland, 1931]: it has also a 
definite though less marked inhibitory effect on the 
reduction of tetrathionate. In both cases there ap- 
pears to be a competition between H, acceptors for 
activated H,. That the reduction of tetrathionate 
need be no subsidiary means of substrate oxidation 
is suggested by the speed of the reaction. In one 
experiment the rate of H, transfer was equivalent 
to an O, consumption of 68 mm./mg. dry bacterial 
wt./hr. (assuming all the O, to be reduced to H,O)— 
a figure which is of the same order as that for the O, 
consumption of Esch. coli [Cook & Haldane, 1931]. 

It is suggested that the system responsible for the 
bacterial reduction of tetrathionate to thiosulphate 
be named provisionally ‘tetrathionase’. 


SUMMARY 


1. Washed suspensions of Bacterium paratypho- 
sum B can reducé tetrathionate rapidly and quanti- 
tatively to thiosulphate according to the equation 

Na,S,0,+ 2H = Na,S,0, + H,S,03. 

2. This reaction can be followed simply by direct 
iodometric titration. 

3. The power of actively reducing tetrathionate 
appears to be restricted to certain intestinal or- 
ganisms. 

4. The effect of pH, temperature and O, tension 
on the reaction have been investigated. 

5. Some biological implications of bacterial re- 
duction of tetrathionate have been discussed. 


We should like to express our thanks to Prof. M. E. 
Delafield and Prof. G. S. Wilson for their valuable advice 
and criticism, and to Prof. C. R. Harington for his interest 
and encouragement. 
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A Note on the Fate of Stibophen in the Body 





By L. G. GOODWIN, Wellcome Bureau of Scientific Research, Euston Road, London, N.W. 1 
AND J. E. PAGE, Chemical Research Department, Glaxo Laboratories Lid., Greenford, Middlesex 


(Received 12 May 1943) 


By means of a simple and rapid polarographic 
technique [Goodwin & Page, 1943] we have been 
able to determine the rate of excretion of Sb after 
the injection of stibophen (Fouadin; sodium anti- 
mony!!! bis-pyrocatechol-3:5-disulphonate) with a 
higher degree of accuracy than has previously been 
possible. It was considered that a critical examina- 
tion of the relative rates of excretion of the Sb and 
the Na catechol disulphonate portions of the stibo- 
phen molecule would throw some light upon the 
fate of the drug in the body. 

Khalil [1936 a, b] made use of the colour reaction 
given by catechol with iron salts to detect the 
presence of stibophen in the urine of patients re- 
ceiving intramuscular injections of the drug. The 
urine was treated with a solution of FeCl, or ferrous 
ammonium sulphate and made strongly alkaline 
with NH,OH. The depth of colour produced corre- 
sponded approximately with ‘the amount of Sb in 
the urine as revealed by the Reinsch test’. How- 
ever, the excretion of Sb continued after the colour 
test on the urine had become negative. Hassan 
[1937, 1938], using the Beam & Freak [1919] method 
for the determination of Sb, found that not more 
than 20% of the Sb administered as stibophen was 
excreted in 24 hr. by schistosomiasis patients. In 
the present work, the rates of urinary excretion of 
the Sb and catechol fractions of the stibophen 
molecule were measured in normal human subjects 
by accurate methods of assay. 


EXPERIMENTAL 


Determination of Sb. Sb was determined in the urine 
by the direct polarographic method previously described 
[Goodwin & Page, 1943]. 

Determination of catechol. For the accurate estimation 
of the catechol portion of the molecule, Khalil’s test had 
to be modified, as the quality and intensity of the colour 
was found to be affected by normal urine constituents. 

When the ferrous tartrate reagent described by Mitchell 
[1923] was used, a clear colour unaffected by normal urine 
constituents was produced, and this reagent was therefore 
chosen in preference to FeCl, or ferrous ammonium sul- 
phate. The catechol compound in a concentration of 
1:10,000 in urine produced a measurable depth of colour, 
and the colour produced by Na catechol disulphonate was 
identical qualitatively and quantitatively with that pro- 
duced by an equivalent amount of stibophen. 

General procedure. Young normal male volunteers re- 
ceived intramuscular or intravenous injections of stibophen 
(6-3 % solution) or Na catechol disulphonate (4-66 % solu- 
tion). Urine was collected hourly for the first 6 hr. after 
injection, and subsequently in 6-12, 12-24, and 24-48 hr. 
fractions. 

To 5 ml. of urine in a test tube were added 5 ml. of a 
tenfold dilution of concentrated NH, solution (sp. gr. 
0-880), and the mixture was heated for a few minutes in a 
boiling water-bath to coagulate any precipitate formed. 
After centrifuging, 2 ml. of the supernatant fluid were 
mixed with 2 ml. of a freshly prepared solution containing 
01% FeSO, and 05% Rochelle salt, diluted to 10 ml., 
and the colour intensity estimated with a Hilger ‘Spekker’ 
absorptiometer. A blank in which the reagent was replaced 


Table 1. The urinary excretion of Sb and catechol by normal human subjects after the injection of stibophen 





Total 
% dose excreted (hr.) excretion 
: rt —~ in 6hr. 
Injection 0-1 1-2 2-3 344 45 5-6 6-12 12-24 2448 % 
Stibophen (5 ml. of a 63% solution Sb: 
(41 mg. Sb) intravenously (6 subjects)) % 6-0 19° 16 0-5 0-6 0-6 2-3 33 4-4 11-2 
Range 4-1-9-9 0-9-3-7 0-5-4-1 0-3-0:8 0-2-1-0 0-2-1-0 1-:3-3-6 2-0-5-5 2-8-6-2 
Catechol: 
% 33 23 16 10 9 7 _ _— —_— 98 
Range 22-55 1347 1422 414 6-12 3-9 — o= a 
Stibophen (5 ml. of a 63% solution Sb: 
(41 mg. Sb) intramuscularly (5 sub- % 4-4 1:8 0-9 05 0-4 0-2 1-6 2-1 3-2 8-2 
jects)) Range 3-3-5-7 1-4-2-7 0-4-1-6 0-3-0:8 0-2-0-7 0-2-0-4 0-9-2-2 1-6-2-7 2-6-3-9 
Catechol: 
% 25 22 13 11 11 6 _ — — 88 
Range 15-49 13-35 10-16 8-15 6-16 09 a — — 
Na catechol-3:5-disulphonate (5 ml. of | Catechol: 
a 4-66 % solution (equivalent to 6-3 % be 29 26 16 8 8 5 _ _— — 92 
stibophen) intravenously (3 subjects)) Range 20-38 18-33 8-24 5-11 6-11 2-12 _ — _ 
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by H,O was used to compensate for the colour of the 
original urine. The concentration of catechol was calculated 
by reference to a standard curve prepared with urinary 
solutions of stibophen of known concentrations. 


Percentage of dose excreted 





Hours after injection 


Fig. 1. The excretion of stibophen by subject M.C. 
e antimony, o catechol, both from a 5ml. dose of 
stibophen (6-3%). a catechol, from a dose of sodium 
catechol disulphonate equivalent to 5 ml. of stibophen 
(63%). 

RESULTS 

The results (Table 1, Fig. 1) show that in the 

normal subject catechol excretion was almost 
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complete in about 6 hr., whereas the Sb excretion 
was very much slower, and followed a different 
course. The rates of excretion were not affected 
by changes in urine volume. In Khalil’s experi- 
ments, his colour test failed after 6 hr. because 
the catechol portion of the molecule had been 
completely eliminated. The function of the catechol 
appears to be to keep the circulating Sb in solu- 
tion in a non-toxic form while it is being absorbed 
by the liver or excreted by the kidney. Meanwhile, 
excretion of the catechol takes place independently 
of that of the Sb and (as shown by the results) 
at the same rate as that of an equivalent dose 
of Na catechol disulphonate. 


SUMMARY 


1. Khalil’s test for stibophen in urine has been 
modified for use as a quantitative method for the 
determination of the catechol fraction of the 
molecule. 

2. The catechol fraction has been shown to be 
excreted very much more rapidly than the Sb of 
stibophen, elimination being complete in six hours 
in the normal subject. 


Our thanks are due to the volunteers, especially Mr 
E. Rogers, who was also responsible for the catechol 
determination. 
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The Action of Amino-acids and Proteins on Liver-fat Deposition 


By H. J. CHANNON, G. T. MILLS anv A. P. PLATT, Department of Biochemistry, 
University of Liverpool 


(Received 1 June 1943) 


Any explanation of the lipotropic action of proteins 
must take into account the now well-established 
facts that while cystine accelerates, methionine par- 
tially prevents the deposition of fat in the livers of 
rats maintained on diets high in fat and low in 
lipotropic factors. Agreement on the question as to 
whether the effects of these two amino-acids alone 
account for the lipotropic behaviour of proteins has, 
however, yet to be reached. Thus Best & Ridout 
[1940] and Channon, Manifold & Platt [1940] con- 


clude that these two amino-acids are not the only 
factors involved; in contrast, Tucker, Treadwell & 
Eckstein [1940] claim that the cystine and methio- 
nine contents of the diets used by them suffice 
adequately to explain their results. More recently, 
Treadwell, Groothuis & Eckstein [1942] arrived at 
similar conclusions but also found that when me- 
thionine was present as the free amino-acid in the 
diet it appeared to be superior to that contained in 
protein (caseinogen) so far as lipotropic action is 
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concerned. Before final conclusions with regard to 
the action of proteins on liver-fat deposition can be 
drawn, it is essential to have information concerning 
both the qualitative nature and the intensity of the 
action of all the naturally occurring amino-acids. 
We have previously reported the results of studies 
of a number of these acids [Beeston & Platt, 1939] 
and the present paper records further experiments 
with other pure amino-acids. At the same time the 
question of the lipotropic activity of proteins has 
been attacked from a new angle by the use of frac- 
tionated protein hydrolysates. The results of these 
experiments, which are also presented, indicate the 
complex nature of the problem. 


EXPERIMENTAL 


General 


The animal experiments and the analyses of liver fat were 
carried out with rats as experimental animals, according to 
methods developed in this laboratory [Channon, Manifold & 
Platt, 19386, 1940]. The basal diets used to produce fat- or 
cholesterol-fatty livers varied in detail in the different ex- 
periments and are mentioned as each is described. Blood 
fibrin was prepared according to the method of Channon, 
Loach, Loizides, Manifold & Soliman [1938a]. 


Estimation of amino-acids 


Determinations of the cystine and methionine contents 
of the proteins and the amino-acid fractions were carried 
out by the method of Baernstein [1936]; in the titration 
method we have found that the recovery of methionine 
was 91%, which agrees with the correction figure of 1-12 
given by Kassel & Brand [1938]. The tyrosine contents of 
the proteins and fractions prepared from hydrolysates were 
determined by the method of Lugg [1937, 1938]. 


Preparation of amino-acids 


The tyrosine used in these experiments was prepared 
from caseinogen, the cystine from hair; other amino-acids 
were obtained commercially. 


Preparation of protein fractions 


Caseinogen hydrolysate. Caseinogen was hydrolysed with 
H,SO, and the hydrolysate neutralized with Ba(OH), [Berg 
& Rose, 1929], filtered and concentrated in vacuo. The 
product was partly solid and partly an uncrystallizable 
syrup. 

Butanol fractionation. A caseinogen hydrolysate prepared 
as above was concentrated until the volume was equivalent 
to 11. for every 500 g. original caseinogen. The solution 
was allowed to cool, and the residue obtained by filtration 
is referred to subsequently as Fraction I. The filtrate was 
then exhaustively extracted with equal volumes of butanol 
on a shaking machine at room temperature. The butanol 
extracts were concentrated in vacuo and the amino-acids 
filtered, washed with ether and dried. The yield of butanol- 
soluble amino-acids was roughly 20% of the weight of 
caseinogen used. Butanol-insoluble amino-acids remained 
in the form of a syrup on concentration and were used 
as such. 

Copper salt fractionation. The butanol-soluble amino- 
acids were divided into three groups, according to their 
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solubilities in H,O and dry CH,OH, by the method of 
Town [1928, 1936]. These three groups are: (a) amino-acids 
with Cu salts insoluble in H,O; (b) amino-acids with Cu 
salts soluble in H,O but insoluble in dry CH,OH; (c) amino- 
acids with Cu salts soluble in H,O and in dry CH,OH. 


Assessment of results 


Difficulties were encountered in deciding on the signi- 
ficance of differences which occurred in the amounts of 
liver fat of groups of rats receiving various dietary treat- 
ments. With carefully selected groups, each of not less 
than ten animals, there may be variation in the amount 
of fat deposited in the pooled livers even when the groups 
are under identical dietary treatment. These differences are 
greater when the livers become very fatty, and contain 
amounts of fat greater than, say, 1-5 g., as compared with 
the normal figure of 0-13 g. The differences, however, de- 
crease rapidly as the amount of fat falls from these very 
high figures, so that when the liver fat is no more than 
three or four times the normal, they tend to disappear. 
Similarly with animals receiving supplements of substances 
under test; if the liver fat is very high, only substantial 
decreases can be regarded as significant. As the liver fat 
diminishes to 0-5-1-0 g., however, decreases of small magni- 
tude become significant, for the ease of removal of fat from 
the liver diminishes as the amount of its contained fat 
decreases. Although methods of statistical analysis have 
been applied, we have found cases in which results which 
have subsequently been found to be significant have not 
been revealed so by mathematical methods. Considerable 
caution in interpreting apparent changes between control 
and experimental groups has, therefore, to be exercised, 
and even with great experience some degree of uncertainty 
in interpreting the results is inevitable. 


RESULTS 
Experiments with pure amino-acids 


The first two experiments were designed to test the 
action on liver fat deposition of as many amino- 
acids as were available. In Exp. 1, five groups of 
rats were maintained on basal diet A (Table 1). 
Four groups received supplements of 0-2 % aspartic 
acid, lysine, phenylalanine and serine respectively. 
In Exp. 2, 14 groups of rats received basal diet B 
(Table 1). The 12 experimental groups received 
supplements of 0-5% alanine, arginine, aspartic 
acid, histidine, hydroxyproline, leucine, lysine, 
phenylalanine, proline, serine, tryptophan and 
valine respectively. 


Table 1. Composition of basal diets (g./100 g.) 


(In addition to the following constituents all diets contained 
1 g. cod-liver oil and 5 g. salt mixture/100 g. diet.) 


Aneurin 

Casein- Albu- Glu- Beef Mar- Chole- pg./rat/ 
Diet ogen min cose dripping mite sterol day 
A 5 0 46 40 3 0 0 
B 0 10 Ad 40 0 0 10 
Cc 5 0 64 20 5 0 0 
D 0 8 54 . 30 0 2 10 
E 0 8 46 40 0 0 10 
F 10 0 45 39 0 0 12 
G 0 5 50 39 0 0 12 
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The amino-acids tested in Exp. 1 have clearly 
had no action on the level of liver fat (Table 2). In 
Exp. 2 also, no amino-acid save tryptophan has 
caused the weight of liver fat to differ from the 
control figure by a significant amount (Table 2). 


Table 2. The effect of dietary supplements of 
amino-acids on liver fat of the rat 


Change 
in body Liver Fat Fat in 
wt. (% of (% of _ liver of 
F (+% final fresh 100 g. 
Dietary original body liver rat 
Group supplement wt.) wt.) wt.) g. 


Exp. 1. Basal diet A. Period of feeding 14 days. 
Amino-acid supplement = 0-2% 


1 None -— 5 48 14-54 0-70 
2 Aspartic acid —13 45 15-87 0-72 
3 Lysine —13 47 13-60 0-64 
4 Phenylalanine - 3 4-6 14-57 0-67 
5 Serine -7 45 15-06 0-67 


Exp. 2. Basal diet B. Period of feeding 18 days. 
Amino-acid supplement = 0-5% 


6 None 0 5-6 23-93 1-43 
T None -3 6-0 23-87 1-51 
8 Alanine 0 5-0 23-54 1-25 
9 Arginine +2 4-9 24-85 1-28 
10 Aspartic acid + 2 5-0 24-63 1-24 
11 Histidine +1 5-7 27-62 1-58 
12 Hydroxyproline + 3 5-6 26-95 1-51 
13 Leucine +3 5-0 23-39 1-22 
14 Lysine +1 5-8 25-95 1-58 
15 Phenylalanine -— 3 5-6 24-25 1-43 
16 Proline +3 5-6 22-03 130 
17 Serine 0 4-7 27-26 1-26 
18 Tryptophan 0 4:8 20-69 1-05 
19 Valine -3 58 25-97 1-53 


The decrease caused by tryptophan from 1-50 to 
1:05 g. is noteworthy, but unfortunately further 
supplies of tryptophan were not available, and the 
necessary confirmation of this result could not, 
therefore, be sought. 

tlutamic acid. Exps. 3-10 were concerned with 
a more detailed study of the effect of glutamic acid 
on the cholesterol- and fat-fatty liver. It was found 
that glutamic acid exerted some effect in preventing 
glyceride deposition in the cholesterol-fatty liver, 
but to our surprise had little significant effect on 
the fat-fatty liver (Table 3). 

The results of Exps. 3 and 4 show that although 
0-24 % glutamic acid and its mono-sodium salt had 
little, if any, action on the levels of liver fat, 2-4% 
of both of these substances definitely decreased the 
glyceride fraction. The decreases in Exp. 3 from 
1-12 g. for the control group to 0-70 g. for the 2-4 % 
glutamic acid group, and in Exp. 4 from 0-57 to 
0-38 g. in the corresponding groups, thus show that 
this amino-acid possesses.some lipotropic action. 
The results of Exp. 5 agree with those of Exps. 
3 and 4 and define the effect of glutamic acid more 
closely. Thus the effect shown by 3 % of the Na salt 
is shown equally well at the lower level of 05%. 
A demonstrable effect is therefore shown by a 0-5 % 
supplement of glutamic acid, but no further effect 


AMINO-ACIDS, PROTEINS AND LIVER FAT 


485 


Table 3. Effect of glutamic acid on the 


cholesterol-fatty liver 
Fatty acids 
Change 
in body Liver In In 
wt. (%of 100g... liver of 
(+% final fresh 100g. 


Dietary original body liver rat 
Group supplement wt.) wt.) g. g- 

Exp. 3. Basal diet C; period of feeding 17 days 

20 None - 7 53 21-03 1-12 

21 0-24% glutamic acid —-6 46 2008 0-91 

22 0-4% glutamic acid -10 45 1558 0-70 
Exp. 4. Basal diet C; period of feeding 21 days 

23 None -5 43 13:24 057 

24 0-24% mono-sodium -—-8 41 1353 056 

glutamate 
25 2-4% mono-sodium -ll 41 9-25 0-38 


glutamate 


Exp. 5. Basal diet D; period of feeding 18 days 


26 None — 5 56 25-34 1-42 

27 0-5 % mono-sodium —-4 51 2144 1-09 
glutamate 

28 3-0% mono-sodium -10 48 2065 0-99 
glutamate 


Exp. 6. Basal diet D; period of feeding 17 days 


29 None —-8 67 3188 2-15 

30 05% glutamic acid —-4 58 2619 1-53 

31 2:5 % glutamic acid -—-5 57 2795 1-59 

32 10% glutamic acid —6 -54 2644 1-44 

33 0-58 % mono-sodium —-7T 59 3106 1-84 
glutamate 

34 2-88 % mono-sodium -—-7T 56 3040 1-69 
glutamate 

35 = % mono-sodium -6 57 2891 1-65 
glutamate 

36 =1-44% NaHCO, —-3 64 3147 2-00 


is induced by increasing the amount of the supple- 
ment above this level. 

The results of Exp. 6 show that glutamic acid has 
decreased the fat deposition in groups 30-32, al- 
though the fact that the decrease does not run 
parallel with the amount of the supplement is again 
noteworthy. The results for groups 33-35, in which 
the mono-sodium salt was used, also show some 
decrease in the amount of fat deposited in the 100 g. 
rat liver, while group 36 has served as a further 
control to group 35. While the effects of glutamic 
acid in preventing glyceride deposition in the chole- 
sterol-fatty liver are not of great magnitude, the 
results, which are in agreement, are significant. 

The results of Exps. 7-10 show conclusively that 
neither glutamic acid nor mono-sodium glutamate 
have any action on the fat-fatty liver. In Exp. 7 
glutamic acid has raised the fat content of the liver 
of the 100g. rat 0-70-0-98 g., but this result was 
not substantiated in Exps. 8-10; where in no case 
do the animals on supplemented diets show any 
difference from those on the control diet (Table 4). 

Tyrosine. At first sight the results (Table 5) 
would seem to indicate that tyrosine possesses a 
small lipotropic action, the level of liver lipids (of 
the 100g. rat) having been lowered by 0-34 g. in 
1-01 g. by 0-5% tyrosine in Exp. 12 (groups 52 
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Table 4. Effect of glutamic acid on the fat-fatty liver 


Group 


37 
38 


39 
40 
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Dietary 
supplement 


Exp. 7. Basal diet A; period of feeding 14 days 


None 
0-2% glutamic acid 


Exp. 8. Basal diet E; period of feeding 18 days 


None 
5% mono-sodium 
glutamate 


Exp. 9. Basal diet E; period of feeding 18 days 


None 
3% mono-sodium 
glutamate 


Exp. 10. Basal diet E; period of feeding 16 days 


None 

0-5 % glutamic acid 

2-5 % glutamic acid 
10% glutamic acid 

0-58 % mono-sodium 
glutamate 

2-88 % mono-sodium 
glutamate 

11-5% mono-sodium 
glutamate 


Change 


in body 


wt. 
(+% 


Liver 
(% of 
final 


original body 


wt.) 


—5 
+1 


—4 
—5 


9 


2 
—2 


+2 
=f 
aa 
+2 


+4 
0 
0 


wt.) 


4:8 
4-6 


4-1 
4-2 


4-9 
48 


Fat 
(% of 
fresh 
liver 

wt.) 


14-54 
21-56 


14-80 
13-98 


19-34 
20-79 


28-64 
31-36 
30-07 
29-91 


28-58 
28-25 


Fat in 
liver of 
100 g. 
rat 
g. 


0-70 
0-98 


0-60 
0-58 


and 53). This result was substantiated in Exp. 13, 
where 0-3% tyrosine lowered the liver lipids (of 
the 100 g. rat) from 1-15 g. in group 54 to 0-71 g. 
in group 55. 3-0% tyrosine, however, lowered the 


Table 5. Effect of tyrosine on the fat-fatty liver 


Group 


50 
51 


52 
53 


54 
55 


Dietary 
supplement 


Exp. 11. Basal diet A; period of feeding 14 days 


None 
0-2% tyrosine 


Change 


in body Liver 


wt. 
(+9 


° 


(% of 


final 


original body 


wt.) 


—5 


—6 


wt.) 


4:8 
4-7 


Fat 


Fat in 


(% of liver of 


fresh 
liver 
wt.) 


14-54 
12-23 


100 g. 
rat 
g. 


0-70 
0-57 


Exp. 12. Basal diet E; period of feeding 18 days 


None 
0-5 % tyrosine 


Exp. 13. Basal diet F; period of feeding 18 days 


None 
0-3 % tyrosine 
3-0% tyrosine 


Exp. 14. Basal diet G; period of feeding 18 days 


None 
0-1% methionine 
0-3 % tyrosine 


9° 


—“Z 


0 


—5 
—7T 


9 


—2 


—5 
—6 
—8 


49 


4-2 


48 
4-1 
4-4 


6-5 
6-0 
6-4 


19-34 
15-85 


24-02 
17-58 
21-10 


30-11 
31-04 
32-39 


1-01 
0-67 


1-15 
0-71 
0-93 


1-96 
1-87 
2-06 


0-1% methionine } 


+ 03% tyrosine ~4 


53 2844 1-50 
liver lipids by only 0-22 g. When these results were 
statistically analysed, the figures for the tyrosine 
groups were not significantly different from those 
for the control group. Exps. 11 and 14 do not give 
any indication of a possible lipotropic action of 
tyrosine. It would appear, therefore, that tyrosine 
has little if any action on the liver lipids of animals 
with fat-fatty livers. 


Table 6. Effect of tyrosine on the 


cholesterol-fatty liver 
Fatty acids 
Change 8 
in body Liver In In 
wt. (% of 100g. _ liver of 
(+% final fresh 100 g. 
Dietary original body liver rat 
supplement wt.) wt.) g. g. 
Exp. 15. Basal diet C; period of feeding 17 days 


61 None 5:3 21-03 
62 0-3 % tyrosine -—2 43 16-41 
63 3-0% tyrosine -10 4:3 13-62 
Exp. 16. Basal diet C; period of feeding 21 days 
-5 4:3 13-24 
0-3 % tyrosine — 6 3-9 10-98 
3-0% tyrosine -—7 3-9 11-21 
Exp. 17. Basal diet D; period of feeding 18 days 
None -—5 5-6 25-34 
0-5 % tyrosine - 8 5-6 26-31 
Exp. 18. Basal diet D; period of feeding 16 days 


None 
0-5 % tyrosine 
None 
0-5 % tyrosine 


Group 


1-12 
0-71 
0-58 


- 
= eo 


0-57 
0-43 
0-43 


None 


1-42 


In only one of these four experiments with the 
cholesterol-fatty liver does tyrosine exert any signi- 
ficant effect on the liver lipids (Table 6), this being 
in Exp. 15, where 0-3% tyrosine lowers the liver 
lipids of the 100 g. rat from 1-12 g. in group 61, to 
0-71 g. in group 62, and 3-0 % tyrosine lowers the 
level to 0-58 g. (group 63). In the other three ex- 
periments tyrosine exerts no significant effect on 
the amount of liver fat. These findings appear to 
confirm the above conclusion that tyrosine lacks 
any lipotropic activity. In one experiment (Exp. 14) 
0-3 % tyrosine and 0-1 % methionine together have 
exerted an action on the level of liver lipids which 
is greater than that exerted by 0-3% tyrosine or 
0-1% methionine alone, and it was this result 
which led to a belief that in conjunction with other 
amino-acids tyrosine may influence the level of liver 
lipids. In later experiments, therefore, when amino- 
acid fractions of equivalent methionine and cystine 
content were compared for action on liver lipids, 
the tyrosine contents were also equalized, so that 
the true effect of amino-acids other than these three 
should become apparent. 


Experiments with protein hydrolysates 


It was now becoming obvious that the problem 
of the lipotropic action of proteins should be tackled 
from another angle, and the most obvious method 
was the examination of the action of various frac- 
tions of the protein molecule, formed by hydrolysis 
on the liver lipids of animals with fatty livers, since 
it is plain from the work of Channon et al. [1940] 
that cystine and methionine alone cannot explain 
the lipotropic action of proteins. 
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Casein hydrolysate. Up to the present there has 
been only one recorded observation concerning the 
lipotropie action of a protein hydrolysate. Carter 
& Melville [1940] found that hydrolysed caseinogen, 
with tryptophan added to replace that lost during 
hydrolysis, had the same activity as the original 
caseinogen. The amount of the amino-acid added 
appears to have been arbitrary, and no actual deter- 
minations were made. In this work, however, no 
account was taken of the possible loss of cystine and 
methionine during hydrolysis. We have found that 
as much as 50% of these amino-acids may be lost 
during hydrolysis by the method employed. This 
result is, therefore, of doubtful value. 

We, therefore, compared the lipotropic action of 
unhydrolysed caseinogen with that of hydrolysed 
caseinogen to which methionine and cystine and 
tyrosine were added in amounts to ensure an intake 
of these amino-acids equal to that provided by the 
original caseinogen. Possible effects of tryptophan 
were, for the present, ignored. 

Three groups of rats (73—75) received basal diet G. 
Group 73 served as control, group 74 received a 
supplement of 15% caseinogen, and group 75 the 
hydrolysis products equivalent to a 15% supple- 
ment of caseinogen with the addition of sufficient 
cystine, methionine and tyrosine to bring the in- 
takes of these amino-acids up to the level of the 
caseinogen group. The analytical figures concerning 
the casemogen and its hydrolysate are recorded in 
Table 7. 


Table 7. Améino-acid content of caseinogen 
and hydrolysed caseinogen 


Total content (g.) of 
aol 





aay 
Nitro- Cys- Methio- Tyro- 
Material Solids gen tine nine sine 
Caseinogen 315 40-05 1-55* 8-37* 18-60* 
Total hydrolysis pro- 269 36:50 060 6-86 12-26 
ducts of 315 g. casein- 
ogen 
Recovered afterhydro- 85 81 39 82 66 
lysis (% of total) 
* Based on the following percentage contents: cystine 0-5; 
methionine 2-75; tyrosine 6-0. 


Table 8. Effect of hydrolysed caseinogen 
on the fat-fatty liver 


Exp. 19. Basal diet G; period of feeding 16 days 


Change 
in body Liver Fat 
wt. (% of (% of liver of 
(+%_ final fresh 100g. 


Fat in 


: Dietary original body _ liver rat 

Group supplement wt.) wt.) wt.) g. 
73 None -9 595 33:94 2-02 
74 15% caseinogen +7 3:98 13-49 0-54 
75  Hydrolysate of 15% —5 385 1428 056 


caseinogen 
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The results (Table 8) show that supplemented 
hydrolysed caseinogen has the same lipotropic 
action as the unhydrolysed caseinogen, for even 
though the animals receiving the hydrolysate lost 
5 % of their weight, while those receiving caseinogen 
gained 7%, previous experience shows that these 
differences are not of sufficient magnitude to in- 
fluence the liver-fat deposition. Thus the conclusion 
to be drawn from this experiment is that if there is 
present in caseinogen one or more compounds which 
affect liver-fat deposition, other than cystine, me- 
thionine and tyrosine, these further compounds are 
stable to acid hydrolysis. Since tryptophan is in 
part destroyed during hydrolysis, this result implies 
that this amino-acid plays only a minor, if any, 
part in liver-fat deposition. 

Butanol fractions of caseinogen hydrolysates. At 
this point we tested the action of fractionated 
caseinogen hydrolysates, and the groups of amino- 
acids soluble or insoluble in butanol were chosen as 
the most readily prepared fractions for the initial 
experiments. 

When the action of caseinogen and the butanol- 
soluble and insoluble fractions of the amino-acids 
derived from it were compared, additions of cystine, 
methionine and tyrosine were again made so that 
the intake of these ‘active’ amino-acids was the 
same as that in the group receiving caseinogen. It 
also was considered desirable to equate the N intake 
with that of the caseinogen group; suitable amounts 
of gelatin were therefore added, since gelatin has 
been shown to be without lipotropic action except 
at high levels [Best, Grant & Ridout, 1936; Chan- 
non et al. 1938a]. An additional group received 10% 
gelatin also supplemented to bring the intake of 
the ‘active’ amino-acids to the same level as that of 
the caseinogen group. A further group received’ 
blood fibrin, since it was desirable to obtain more 
information regarding the action of this protein 
than had previously been obtained [Channon e¢ al. 
1938 a]. 

The analytical data for the various amino-acids, 
and for the protein fractions used in this experi- 
ment, are presented in Table 9. The basal diet G 
(Table 1) was used and was supplemented in the 
five experimental groups with 10 % caseinogen (77), 
6% butanol-soluble amino-acids and 4% gelatin 
(78), the butanol-insoluble amino-acids equivalent 
to 10 % caseinogen with gelatin sufficient to equate 
the N intake to that of group 77 and 78 (79), 10% 
gelatin (80) and 10% blood fibrin in group 81. 
Cystine, methionine and tyrosine were added to 
groups 77-81 in amounts sufficient to ensure that 
the intake of these amino-acids in these groups was 
equivalent. 

Table 10 shows that the addition of 10 % caseino- 
gen has lowered the liver fat from the control figure 
of 1-96 g. (group 76) to 0-75 g. in group 77, while 
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Table 9. Amino-acid content of proteins and of 
amino-acid miatures used in Exp. 20 


Content (%) of 


Tyro- 


Methio- Cys- 
sine 


Material nine tine 

Gelatin 0-5 0-1 

Blood fibrin 2-0 15 

Caseinogen 2-75 0-5 

Butanol-soluble amino-acids (yield: 4-6 0-5 
20% of original caseinogen) 

Butanol-insoluble amino-acids from 0-61 0-29 
500 g. caseinogen (233ml. of a 
non-crystallizable syrup containing 
189 g. solids) 


Table 10. Effect of various proteins and supple- 
mented fractions of hydrolysed caseinogen on the 
fat-fatty liver 

Exp. 20. Basal diet G; period of feeding 16 days 
‘ Change 

in body Liver 

wt. (% of 

(+% final 

Dietary original body 

Group supplement wt.) wt.) 
76 None —8 6-51 


Fat Fatin 
(% of liver of 
fresh 100g. 
liver rat 

wt.) g- 
30:16 = 1-96 
1758 0-75 
10-42 80-37 


24-44 1-15 


19-72 0-80 
21:35 1-06 


TT 10% caseinogen +6 4-28 

78 6% butanol-soluble -3 3- 
amino-acids r 

79 3-8% butanol-insoluble +3 
amino-acids 

80 10% gelatin -1 . 

81 10% blood fibrin +8 8 


in group 78, which received the butanol-soluble 
amino-acids, the amount of liver fat is even lower 
at 0-37 g.; while the difference between these two 
latter figures is not striking, it is statistically signi- 
ficant. Since groups 77 and 78 both received the 
same intake of the amino-acids known to be active, 
it is thus a reasonable deduction that the butanol- 
soluble fraction contains either more of a further 
amino-acid which decreases liver fat or less of one 
which accelerates liver-fat deposition than that 
present in caseinogen. This conclusion seems sup- 
ported by the results for group 79 (Table 10), which 
received the butanol-insoluble amino-acid fraction, 
for while the amount of liver fat (1-15 g.) is again 
not strikingly different from that for the caseinogen 
group 77 (0-75 g.), the difference is in the reverse 
direction from that of the butanol-soluble group 
and is of similar magnitude. The fact that the 
amount of butanol-soluble amino-acids fed was 
three times greater than their yield from 10% 
caseinogen does not, of course, affect this conclu- 
sion, although it is impossible to deduce more from 
these findings than that the lipotropic action of 
caseinogen may not be accounted for by the actions 
of its contained cystine, methionine and tyrosine. 
In apparent contrast with this conclusion are the 
results for group 80, which received gelatin which 
was also supplemented with cystine, methionine 
and tyrosine. Gelatin supplemented in this way, so 
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that the intakes of the above amino-acids were the 
same as in group 77, had an action indistinguishable 
from caseinogen, even though it is known to be 
without action when unsupplemented. While the 
results of this experiment seem in the light of pre- 
vious experience to be convincing, their admittedly 
unexpected nature made it desirable to confirm 
them, and Exp. 21 was, therefore, carried out under 
the exact conditions of Exp. 20, save that the action 
of fibrin was not investigated further. 


Table 11. Effect of proteins and supplemented frac- 
tions of hydrolysed caseinogen on the fat-fatty liver 


Exp. 21. Basal diet G; period of feeding 17 days 


Change 

inbody Liver Fat 
wt. (% of (% of liver of 
(+% final fresh 100g. 

original body liver rat 

Group supplement wt.) wt.) wt.) g- 
82 None —-10 540 26-78 1-45 
83 10% caseinogen +1 416 1405 0-59 
84 6% butanol-soluble —-6 3-66 963 0:35 


amino-acids 
85 3-8% butanol-insoluble 1 438 1888 0-83 
391 1701 0-67 


Fat in 


Dietary 


amino-acids 
86 10% gelatin 2 


The results of this experiment (Table 11) confirm 
in every particular those of Exp. 20. Particularly 
interesting from the immediate point of view is the 
confirmation of the finding that when gelatin, which 
alone is devoid of lipotropic action, is supplemented 
with cystine, methionine and tyrosine, its action is 
indistinguishable from that of caseinogen. It will 
be remembered that in groups 78 and 79 of Exp. 20, 
as well as in groups 84 and 85 of the present experi- 
ment, it was considered desirable to equate the 
N intake to that of the caseinogen groups, and for 
this purpose gelatin, a protein known to be lipo- 
tropically inactive, was used. As a result, the 
immediate conclusion from the previous and present 
experiments that it is possible to prepare from 
caseinogen hydrolysates fractions which, irre- 
spective of their contents of cystine, methionine 
and tyrosine, exert actions of varying magnitude 
on liver-fat deposition, may not be valid because 
of the possible interfering action of the gelatin 
supplements. We therefore compared with that of 
caseinogen the action of a similar amount of gelatin 
alone, and supplemented with cystine, methionine 
and tyrosine in amounts which were such that the 
intake of these amino-acids was similar to those of 
the caseinogen group; at the same time study was 
made of the action of similar amounts of these 
amino-acids alone. 

Basal diet G (Table 1) was supplemented as 
follows: group 95, 15 % caseinogen; group 98, 15% 
gelatin; group 99, 15% gelatin plus sufficient 
cystine, methionine and tyrosine to make the level 
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of these amino-acids up to that present in the 
easeinogen supplement of group 95; group 100, 
cystine, methionine and tyrosine in amounts equi- 
valent to those in the 15 % caseinogen supplement. 


Table 12. Effect of gelatin and some caseinogen 
fractions on the fat-fatty livers 


Exp. 23. Basal diet G; period of feeding 16 days 


Change 

inbody Liver Fat Fatin 

wt. % of (% of liver of 

(+% final fresh 100g. 
Dietary original body liver rat 

Group supplement wt.) wt.) wt.) g. 
94 None --9 5-95 33-94 2-02 
95 15% caseinogen +7 3-98 13-49 0-54 
96 2-6% fraction I —3 3-74 13-44 0-50 
97 9-8% fraction IT —4 415 1438 0-59 
98 15% gelatin -7T 538 33:09 1-78 
99 15% gelatin + cystine, —4 353 13:15 0-46 
methionine and tyrosine 

100 Cystine, methionine and —4 365 1474 0-54 


tyrosine equivalent to 
15% caseinogen 


A comparison of the liver-fat deposition in 
group 95 (Table 12) with that in group 99 provides 
yet further confirmation that the action of gelatin, 
when supplemented with active amino-acids, is in- 
distinguishable from that of an equivalent weight 
of caseinogen. The results for group 98 demonstrate 
again that unsupplemented gelatin is without effect. 
The result of most immediate interest is that given 
by group 100, where it is very clearly demonstrated 


that an intake of an amount of cystine, methionine ~ 


and tyrosine equal to that present in a 15% 
caseinogen supplement has an action identical with 
that of a 15% caseinogen supplement itself. This 
result suggests that the lipotropic action of caseino- 
gen depends solely on its content of these three 
amino-acids, and that it was purposeless to pursue 
the investigation further. On the other hand, the 
findings in Exps. 20 and 21 seem to be in conflict 
with this view. In both experiments the amounts of 
fat deposited in the livers of the groups receiving 
the butanol-soluble and insoluble fractions differ 
not only from each other, but also from that de- 
posited in the caseinogen groups, by amounts which 
are statistically significant. This conclusion is sup- 
ported by the findings of Exp. 23, which show that 
the additions of gelatin made in groups 78 and 79 
of Exp. 20 and in groups 84 and 85 of Exp. 21, 
which were made in order to equate the N intakes 
to that of the caseinogen groups, has had no in- 
fluence on the liver-fat deposition. If this be so, 
something other than cystine, methionine and tyro- 
sine must account for the differences resulting from 
the administration of the fractions soluble and 
insoluble in butanol, and the investigation was 
therefore carried further. 

Cu salt fractions of casein hydrolysate. In Exps. 
20 and 21 the butanol-soluble amino-acids were fed 
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as a 6% supplement, an amount chosen because it 
equated, without further supplement, the methio- 
nine intake of the groups receiving it with that of the 
caseinogen groups. In order to attempt to obtain a 
more quantitative comparison with caseinogen this 
fraction was now fed in the amount which would 
be derived from the weight of caseinogen with which 
it was being compared; this procedure had been 
adopted in the case of the butanol-insoluble amino- 
acids in both Exps. 20 and 21 and was again re- 
peated for this fraction. No attempt was made to 
equate the N intake for the reasons already dis- 
cussed, and the use of gelatin was, therefore, 
discontinued. 

At the same time it was felt desirable to compare 
further fractions from the butanol-soluble amino- 
acids with the unfractionated acids, since the results 
of Exps. 20 and 21 suggested that if there did exist 
one or more unknown lipotropically active con- 
stituents, the study of this fraction was likely to 
be most profitable. For this purpose the Cu salt 
separation described in the experimental section 
was used and three fractions of amino-acids pre- 
pared: (a) with Cu salts insoluble in H,O, (6) with 
Cu salts soluble in H,O and insoluble in dry CH,0OH, 
and (c) with Cu salts soluble in H,O and soluble in 
dry CH,OH. 

Methionine, cystine and tyrosine estimations 
were carried out on each fraction and the analytical 
data for these three fractions and for the butanol- 
soluble and insoluble amino-acids are presented in 
Table 13. 


Table 13. Amino-acid contents of the fractions 
of caseinogen used in Exp. 22 
Content (%) of 
OO 
Cys- Methio- Tyro- 
Material tine nine sine 
(a) Butanol fractionation 


Caseinogen 05 2-75 - 6-0 
Butanol-soluble amino-acids (20% of . 03 5-1 4-0 
caseinogen) 

Butanol-insoluble amino-acids (183g. 046 088 1-15 


from 500 g. caseinogen) 


(b) Cu salt fractionation of butanol-soluble 
amino-acids (125 g.) 
Amino-acids with Cu salts insoluble in 0-43 534 440 
H,O (42¢.) _ ; : a 
Amino-acids with Cu salts soluble in 0-28 568 417 
H,0 and insoluble in CH,OH (28 g.) 
Amino-acids with Cu salts soluble in 0-11 1:28 405 
H,0 and soluble in CH,OH (32 g.) 
Total recovered after fractionation* 760 665 86-0 
(g./100 g. starting material) 


* The total weight of the three fractions was 102 g., i.e. 82% 
of the weight of the starting material. 


Although neither Town [1928, 1936] nor Caldwell 
& Rose [1934] claim that the Cu salt method gives 
a clean separation of amino-acids into three groups, 
13 for the cystine, 


the figures given in Table 





490 


methionine and tyrosine contents of the three frac- 
tions show that in our hands the separation is not 
good. Town [1941] has recently stated that the 
presence of NH, and of the dicarboxylic amino- 
acids greatly interferes with the Cu salt separation, 
and that these substances must be removed before 
attempting the fractionation. Since this was not 
done in these investigations, it may account for the 
poor separation of the Cu salts of the above- 
mentioned amino-acids. 

Basal diet G (Table 1) was supplemented as fol- 
lows: group 88, 15% caseinogen; group 89, 3% 
butanol-soluble amino-acids, which represented the 
weight of these amino-acids derived from 15% 
caseinogen; group 90, 5:-6% butanol-insoluble 
amino-acids, equivalent to 15 % caseinogen; groups 
91-93, the amino-acids obtained from the different 
Cu salt fractions of the butanol-soluble fraction in 
amounts derived from 3% of the latter, and thus 
equivalent to 15% caseinogen. In addition, groups 
89-93 received supplements of methionine, cystine 
and tyrosine in amounts calculated on the basis of 
the analyses recorded in Table 13, so that these 
groups obtained the same intake of these acids as 


/ 


did group 88, which received 15 % caseinogen. 


Table 14. Effect of caseinogen and fractions thereof 
and of fractions of the butanol-soluble amino-acids 
on the fat-fatty liver 


Exp. 22. Basal diet G; period of feeding 16 days 


Change 
inbody Liver Fat Fatin 
wt. (%of (% of liver of 
(+% _ final fresh 100g. 
Dietary original body liver rat 
Group supplement wt.) wt.) wt.) g. 
87 None -9 4:79 2652 1:27 
88 15% caseinogen +5 8-96 10:12 0-40 
89 3% butanol-soluble —4 3-54 8-61 0:31 
amino-acids 
90 5-6% butanol-insoluble 0 360 1400 0-51 
amino-acids 
91 1% amino-acids with Cu —8 402 1156 0-47 
salts insoluble in H,O 
92 0-7% amino-acids with —6 4:39 21-61 1-00 
Cu salts soluble in H,O 
and insoluble in CH,OH 
93 08% amino-acids with —6 3:93 16-75 0-66 


Cu salts soluble in H,O 
and soluble in CH,OH 


The results (Table 14) confirm the presence in 
caseinogen of a factor or factors other than cystine, 
methionine and tyrosine, which plays some part in 
the lipotropic action of caseinogen. In spite of the 
fact that groups 88-93, inclusive, received equi- 
valent intakes of cystine, methionine and tyrosine, 
the amounts of fat deposited in the livers of rats 
varied from 21-6 % in group 92 to 8-6 % in group 89. 

These results introduce two possibilities: that 
there exists in caseinogen either a substance with a 
methionine-like action which is concentrated in the 
butanol-soluble amino-acids and from there into the 
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group of amino-acids having Cu salts insoluble in 
H,O, since this group (91) has an action indis- 
tinguishable from caseinogen, or a substance with 
a cystine-like action, which cannot exert this action 
until it is separated—as for example by the copper- 
salt method—from some inhibiting factor. The re- 
sult of group 92 lends some belief to the latter idea 
since the level of liver fat in this group is very much 
greater than that in the caseinogen group (89), 
although both groups received equivalent intake 
of the known active amino-acids. 

From an examination of the analytical data for 
the butanol-soluble and insoluble groups of amino- 
acids, it will be seen that together these make up 
only a little over 57% of the original caseinogen, 
thus leaving approximately 43 % unaccounted for. 
The action of this fraction on liver fat was investi- 
gated in Exp. 23. Two fractions of hydrolysed 
caseinogen were examined, fraction IT, which is the 
sum of the butanol-soluble and insoluble amino- 
acids, and fraction I, which is the rest of the hydro- 
lysed caseinogen. The hydrolysate from 315g. 
caseinogen was concentrated in vacuo to 650 ml. 
and allowed to crystallize. The amino-acids which 
separated were filtered off and dried. This com- 
prised fraction I. The filtrate was concentrated as 
far as possible by vacuum distillation, when about 
two-thirds of the material was obtained in the solid 
form and the rest in the form of a non-crystallizable 
syrup. The solids plus syrup constituted fraction I. 
Cystine, methionine and tyrosine determinations 
were carried out on these fractions and the ana- 
lytical data recorded in Table 15. 


Table 15. Amino-acid contents of the fractions 
of hydrolysed caseinogen used in Exp. 23 


Amounts 
——*——. __ Total content (g.) of 
% of 

starting Cys- Methio- Tyro- 

Material g. material tine. nine sine 
Caseinogen 315 100 155 837 18-60 
Fraction I 52 17 0-10 3-41 8-84 
Fraction II 206 65 039 863-11 2-09 
Fractions I and II 258 82 0-49 «4655 = 10-39 

Total recovered after — 82 32 78 59 


hydrolysis (% of that 
originally present) 


Groups 96 and 97 were supplemented by fractions 
I and II respectively in amounts equivalent to a 
15 % supplement of caseinogen. Groups 96 and 97 
were supplemented with cystine, methionine and 
tyrosine in amounts such that the intakes of these 
amino-acids were equivalent to that of a 15% 
caseinogen supplement (group 95). The results for 
these groups have already been recorded in Table 12. 

Clearly the amounts of fat in the livers of animals 
in groups 95, 96 and 97 are indistinguishable, and 
the results support those for groups 95, 98, 99 and 
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100, in showing that cystine, methionine and tyro- 
sine alone may account for the lipotropic action of 
caseinogen. 

We have now arrived at the point where two 
series of experiments have indicated opposing solu- 
tions to the problem of accounting for the lipotropic 
activity of caseinogen. 


DISCUSSION 


The results of Exps. 20-22 make it clear that 
cystine, methionine and tyrosine alone cannot ex- 
plain the lipotropic activity of caseinogen, since 
groups of rats receiving equivalent intakes of the 
above amino-acids have liver-fat levels which are 
significantly different. Furthermore, these differ- 
ences are large enough for the conclusion to be 
drawn that there exists in the protein molecule 
some new factor which affects the level of liver 
lipids, and that this factor varies in amount in the 
different fractions examined. Although in Exps. 
20 and 21 the results are complicated by the 
presence of gelatin, in Exp. 22 this is not the case, 
and here the differences are clearly demonstrated. 
The butanol-soluble amino-acids have a greater 
lipotropie action than an equivalent amount of 
caseinogen. Furthermore, the figures for the liver- 
fat levels of the groups of animals fed the amino- 
acids fractionated by the Cu salt method show very 
distinct differences, even though the cystine, me- 
thionine and tyrosine intakes were equivalent in 
the three groups. 

The experiments with pure amino-acids have 
given no clue to a further factor which affects liver 
fat. Of the 14 amino-acids examined so far, none 
has shown any significant effect. Interesting in 
itself, although casting no light on the general 
problem, was the observation that glutamic acid 
exerts a lipotropic action on the cholesterol-fatty 
liver but not on the fat-fatty liver. There would 
appear to be no adequate explanation of this fact 
at present, but it may be bound up with the fact 
that both caseinogen and egg albumin, which were 
used as basal proteins, contain considerable amounts 
of glutamic acid, and at the levels at which they 
are fed contribute over 1% of that amino-acid to 
the diet. Glutamic acid is, therefore, the only sub- 
stance which has so far been encountered in this 
laboratory which exerts an effect on the cholesterol- 
fatty liver and yet is without action on the fat-fatty 
liver. Tryptophan was found in one experiment to 
possess only a small lipotropic action, and this is 
not sufficient evidence for any concrete conclusion 
to be drawn about this amino-acid. Tyrosine also 
has a questionable action on liver fat. 

Singal & Eckstein [1941] found that dl-valine, 
di-leucine and dl-isoleucine had no effect on liver-fat 
deposition. In addition, it has been found in this 
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laboratory that glycine also has no action on the 
fatty liver [Manifold, 1939], so that the only amino- 
acids which have not been examined are threonine, 
nor-leucine, nor-valine and hydroxyglutamic acid, 
and the possibility exists that one of these may 
show significant action on the fatty liver. 

The conclusions to be drawn from the results 
obtained with supplemented gelatin in Exps. 20, 21 
and 23 would appear to be in opposition to that 
already drawn from Exps. 20-22, and indicate that 
cystine, methionine and tyrosine alone account for 
the lipotropic activity of caseinogen. Tucker e¢ al. 
[1940] came to a similar conclusion when they found 
that the lipotropic action of a low-protein (5% 
caseinogen or edestin), high-fat diet, so supple- 
mented with cystine and methionine that its con- 
tent of these amino-acids was equal to that of a 
20% caseinogen diet, was similar to that observed 
when the level of caseinogen in the diet was 20%. 
On the other hand, Best & Ridout [1940] found 
that cystine and methionine in amounts equivalent 
to a 30% caseinogen supplement had little lipo- 
tropic action compared with that of a 30% caseino- 
gen supplement. Now Channon et al. [1940] showed 
that for both free cystine and methionine there is a 
limiting intake above which no further increase in 
the amounts of these amino-acids ingested had any 
influence on the level of liver fat, and these authors 
came to the conclusion that the action of cystine 
and methionine alone cannot explain the lipotropic 
activity of caseinogen. 

A finding which further complicates this work is 
that of Treadwell e¢ al. [1942], whose experimental 
data seem to indicate that diets supplemented with 
methionine, as the free amino-acid, were superior 
in lipotropic action to the diets containing equi- 
valent amounts of methionine in the form of pro- 
tein. Such a finding casts a certain amount of 
doubt on the conclusion drawn from the result of 
Exp. 23 (and of parts of Exps. 20 and 21) con- 
cerning the supplemented gelatin. 

The balance of this work appears to be in favour 
of the existence of at least one unknown factor in 
caseinogen which affects the level of liver fat. The 
results with the butanol-soluble amino-acids would 
lead one to assume the presence of a lipotropic 
factor, whereas the results of Exp. 22 (groups 91, 92 
and 93) lead to the conclusion that there exists 
another substance, with a cystine-like action, which 
is not manifest in the presence of certain other 
protein constituents. 

It is abundantly clear that much further work is 
necessary before any definite conclusions may be 
drawn concerning this problem. A further factor 
which may influence the action of fractions of 
hydrolysed caseinogen is that we have no know- 
ledge of the fate of the amino-acids which are par- 
tially destroyed during hydrolytic and other treat- 
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ments. The possibility exists that they may be 
converted into substances which have actions on 
the fatty liver different from that of the amino-acids 
in the original form. An example of this reversal of 
action is given by the work of Singal & Eckstein 
[1941], who found that whereas cystine accelerated 
liver-fat deposition, cystine betaine had the oppo- 
site action, and another substance having a lipo- 
tropic action was dithiodiglycollic acid. 

It is to be regretted that conditions did not allow 
of our continuing this investigation, and conse- 
quently our results are presented in an incomplete 
form. 


SUMMARY 


1. Fourteen pure amino-acids were investigated 
with a view to ascertaining whether or not they had 
any effect on the deposition of fat in the livers of 
rats on diets high in fat and low in lipotropic 
factors. 

2. Tryptophan was found to possess a small lipo- 
tropic action in one experiment, and tyrosine to 
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possess a small but questionabie action on the fat- 
and cholesterol-fatty livers. 

3. Glutamic acid was found to exert a lipotropic 
action on cholesterol- but not on fat-fatty livers. 

4. The lipotropic actions of various protein frac- 
tions were studied. Evidence was obtained that 
some factor which affects liver-fat deposition, other 
than cystine, methionine and tyrosine, is present 
in the protein molecule. This factor can be concen- 
trated in the butanol-soluble amino-acid fraction. 
Fractionation by the copper-salt method effected 
further concentration of the unknown factor and 
indicated the possible presence of a substance which 
accelerates liver-fat deposition. Conflicting results 
have been obtained in experiments with gelatin, 
and in one experiment with caseinogen fractions, 
and more work is necessary to elucidate the problem 
completely. 


The expenses of this work were partly defrayed from a 
grant by the Medical Research Council for which grateful 
acknowledgement is made. 


REFERENCES 


Baernstein, H. D. [1936]. J. biol. Chem. 115, 25. 

Beeston, A. W. & Platt, A. P. [1939]. Chem. Ind. 58, 
557. 

Berg, C. P. & Rose, W. C. [1929]. J. biol. Chem. 82, 479. 

Best, C. H., Grant, R. & Ridout, J. H. [1936]. J. Physiol. 
87, 337. 

—— & Ridout, J. H. [1940]. J. Physiol. 97, 489. 

Caldwell, C. T. & Rose, W. C. [1934]. J. biol. Chem. 107, 57. 

Carter, H. E. & Melville, D. B. [1940]. J. biol. Chem. 
133, 109. 

Channon, H. J., Loach, J. V., Loizides, P. A., Manifold, 
M. C. & Soliman, G. [1938a]. Biochem. J. 32, 976. 
—— Manifold, M. C. & Platt, A. P. [19385]. Biochem. J. 

32, 969. 


Channon, H. J., Manifold, M. C. & Platt, A. P. [1940]. 
Biochem. J. 34, 866. 
Kassel, B. & Brand, E. [1938]. J. biol. Chem. 125, 145. 
Lugg, J. W. H. [1937]. Biochem. J. 31, 1422. 
[1938]. Biochem. J. 32, 775. 
Manifold, M. C. [1939]. Unpublished communication. 
Singal, S. A. & Eckstein, H.C. [1941]. J. biol. Chem. 140, 27. 
Town, B. [1928]. Biochem. J. 22, 1083. 
[1936]. Biochem. J. 30, 1837. 
—— [1941]. Biochem. J. 35, 417. 
Treadwell, C. R., Groothuis, M. & Eckstein, H. C. [1942]. 
J. biol. Chem. 142, 653. 
Tucker, H. F., Treadwell, C. R. & Eckstein, H. C. [1940]. 
J. biol. Chem. 135, 85. 


A Biological Method for Estimation of Pantothenic Acid with Rats, 
in which Wheat Germ is included in the Basal Diet 
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Cambridge, St Bartholomew's Hospital Medical College and the Biochemical Laboratory, Cambridge 


(Received 2 June 1943) 


Investigations on the B, group of vitamins made 
with chicks fed on a heated diet of mixed grains, 
and with rats on synthetic diets supplemented by 
purified aneurin (vitamin B,), riboflavin, and pyri- 
doxine (vitamin B,), have led to the discovery that 
the filtrates obtained when extracts of yeast, liver 
or rice bran are treated with Fuller’s earth contain 
substances essential for growth of these animals 


[Lepkovsky, Jukes & Krause, 1936; Elvehjem & 
Koehn, 1935]. These substances, generally known 
as filtrate factors, were called factor 2 by Lepkovsky 
and his colleagues. Chicks deprived of filtrate 
factors are checked in growth and develop a charac- 
teristic dermatitis ; young rats also show subnormal 
increase in weight and a less specific skin affection 
with greying of the pigmented fur. In due course 
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it was discovered that the filtrate factor fraction 
contained a substance identical with ‘pantothenic 
acid’, a compound found necessary for the growth of 
certain strains of yeast [Williams, Lyman, Goodyear, 
Truesdail & Holaday, 1933]. For a concise account 
of the gradual discovery to date of the different 
components of the vitamin B, complex reference 
should be made to the review by Lepkovsky [1942]. 

Before the identification and synthesis of panto- 
thenic acid was accomplished [Williams & Major, 
1940], Jukes [1937] had measured the ‘filtrate 
factor’ potency of different foods by feeding them 
to chicks maintained on the heated grain diet. The 
criterion adopted was rate of weight increase, a 
preliminary attempt to use degree of cure of derma- 
titis having proved unsatisfactory. 

There is no record of any attempts to use rats for 
the biological estimation of pantothenic acid, al- 
though the growth-promoting activity of certain 
materials fed to rats as supplements to the so-called 
‘filtrate-deficient’ diet has been measured in this 
laboratory [Copping, 1943]. The results cannot be 
applied directly to the pantothenic acid content of 
these materials, since it is now certain that ‘filtrate 
factor deficiency’ is not a deficiency of pantothenic 
acid alone, but also of at least one other growth- 
promoting substance [see Lepkovsky, 1942]. 


In an attempt to estimate a vitamin by biological. 


method, in which the growth of a young animal is 
adopted as criterion, the first requisite is a basal 
diet which shall contain, in optimum amounts, all 
other essential nutrients. We therefore looked for 
an addition to the ‘filtrate-deficient’ synthetic diet 
which should supply the additional unknown growth 
‘filtrate factors’ without pantothenic acid. Our 
first choice was a whole liver extract in which we 
hoped to destroy the pantothenic acid present by 
acid or alkaline hydrolysis. This proved unsuccessful 
(see below, p. 494), and we finally chose wheat germ. 
Bakke, Aschehoug & Zbinden [1930] noted the de- 
velopment of greyness of rats with pigmented fur 
on a diet in which wheat germ supplied the B vita- 
mins, and ascribed the effect to toxicity of the 
wheat germ. Miss A. M. Copping (private communi- 
cation) made a similar observation while measuring 
the growth response of young pied rats to doses of 
wheat germ added to a ‘filtrate-factor deficient 
diet’, the rats becoming grey while still growing. 
It was assumed that this was due to the absence of 
pantothenic acid in wheat germ, a material which 
nevertheless contained considerable amounts of the 
other additional growth factor or factors. Pre- 
liminary tests based on this assumption have met 
with some success, and in this paper is given an 
account of these and of the development of a bio- 
logical method suitable for estimation of panto- 
thenic acid, in which the growth of young rats is 
the criterion adopted. 


ASSAY OF PANTOTHENIC ACID 


493 
EXPERIMENTAL | 


The rats, all males of the usual Lister pied strain, were 
weaned on to a basal diet deficient in all B, vitamins for 
1-2 weeks before receiving the test doses. The basal diet 
was that employed at the Lister Institute, and, except for 
a few preliminary tests in which starch was given, the 
carbohydrate was present in the form of sucrose. The 
composition was as follows: sucrose 60, casein 20, arachis 
oil 12, salts 5 and lard 3 parts. Vitamin B, as pure aneurin 
hydrochloride was given daily, 15 yg. to each rat, and 
cod-liver oil to supply vitamins A and D. The diet was 
unsupplemented with any B, vitamins for a period of 
2 weeks in the hope that any variations due to reserve of 
stores of these vitamins in the young rat’s body might be 
lessened by this procedure. 

The rats, which usually weighed 40-55 g. at the be- 
ginning of the tests, were subsequently weighed three times 
a week. At the beginning of the test period they were put 
into separate cages of the usual pattern, distributed evenly 
by weight and litter among the various groups. They then 
received supplements of B, vitamins other than panto- 
thenic acid in pure form. Two solutions of mixed vitamins 
were prepared. The first contained 30ug. aneurin, 30yg. 
pure vitamin B, (pyridoxine) and 50yg. riboflavin in the 
daily dose-of 2 ml. The second was stored in a dropping 
bottle which delivered, in the daily dose of 2 drops, 1 mg. 
inositol, 1 mg. nicotinic acid and 3 mg. choline chloride. 
Although it is doubtful whether the rat requires inositol 
and nicotinic acid, their inclusion in the supplements 
seemed desirable. 

“The basal sugar diet was put into heavy glass dishes and 
pressed down firmly to avoid scattering. If scattering took 
place, water was added, and any diet remaining uncon- 
sumed after 24 hr. was discarded. Fresh dry diet was given 
daily in weighed amount to supply a slight excess over the 
rat’s requirements. 

When wheat germ was given, the daily dose was weighed 
into a heavy glass dish, moistened with the drops of inositol, 
nicotinic acid and choline chloride; this mixture was usually 
consumed readily before any basal diet was given. With 
the larger doses of wheat germ, extra water was needed. 
The doses of vitamin B,, vitamin B, and riboflavin were 
given in the same dish. The doses of pure pantothenic acid, 
given to the control series of rats, were from a solution 
containing 100yug./ml. of calcium-d-pantothenate. 

The rats were kept on the test doses for 4 weeks, weighed 
three times a week, and any symptoms noted as they 
appeared. The absence of symptoms was also recorded 
when the test was finished. 


RESULTS 
Experiments with whole-liver extract 


Since pantothenic acid is reported to be unstable to 
acid and alkaline hydrolysis it was expected that a 
source of the unidentified factors free from it might 
be obtained by subjecting liver extract to these 
treatments. 

Accordingly a whole-liver extract was adjusted 
to pH 0 by the addition of cone. H,SO, and boiled 
on asand bath for 10 hr. The resulting dark solution 
was neutralized with baryta, filtered under pressure, 
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Table 1. Growth of rats receiving supplements of liver extract with or without added pantothenate 


Supplementary dose, daily 


Whole liver extract = 6 g. fresh liver 
>» acid treated 
» acid treated + 75yg. pantothenate 


Whole liver extract = 6 g. fresh liver 
alkali treated 
alkali treated + 75g. pantothenate 


” 


extracted twice with ether in an attempt to remove 
bitter-tasting products of hydrolysis and freed from 
ether by evacuation. The growth-promoting effect 
of this extract with and without pantothenic acid 
was compared with that of the untreated extract, 
but it was clear that the pantothenic acid had been 
only partially destroyed by the treatment, since 
addition of pantothenate to the treated extract 
gave but a small improvement in weight increase 
which was not statistically significant (Table 1, 
Exp. 1). 

Alkaline hydrolysis was carried out in- solution 
raised to pH 11-5 by addition of baryta. The first 
attempts produced a dark-coloured product with 
bitter taste, which was badly taken by the rats and 
caused diarrhoea. Finally, a palatable and inno- 
cuous product was obtained after hydrolysis for 
5 hr. at this pH. The growth on the dose given was, 
however, sufficiently near to that on the original 
liver extract to indicate that little destruction of 


No. of 


Average weekly weight increase (g.) 





aaa 
For whole 
period 

25-6 
18-9 
21-6 
28-3 
24-8 
30-0 


Week 3 
24-0 
18-9 
21-2 
27-9 
21-2 
28-2 


Week 2 
25:7 
17:8 
21-6 
24-0 
22-5 
28-8 


Week 1 
27-0 
20-0 
22-0 
33-0 
30-7 
33-0 


rats 


pantothenic acid had occurred, and the increased 
growth produced by the addition of pantothenic 
acid was too small to form the basis of an assay, 
although statistically significant (see Exp. 2, 
Table 1). 


Experiments with wheat germ 


To find out whether wheat germ was deficient in 
pantothenic acid but contained the additional 
growth factors, 23 rats from six litters were divided 
into three groups and given daily doses, respec- 
tively, of 1g. wheat germ, 1 g. wheat germ plus 
150g. calecium-d-pantothenate, and 150g. cal- 
cium-d-pantothenate only. 

The results summarized in Table 2 show quite 
clearly that when 1 g. wheat germ daily was fed 
with 150yug. calcium-d-pantothenate, an amount 
known [cf. Unna, 1940] to be in excess of the rat’s 
requirements, the average weekly weight increase 
(27-1 g.) was greater than with pantothenic acid 


Table 2. Growth of rats receiving supplements of wheat germ with or without added pantothenate 


No. of 
rats 


Supplementary dose, daily 
1 g. wheat germ 
1 g. wheat germ + 150yg. Ca-d-pantothenate 
150 yg. Ca-d-pantothenate 
0-5 g. wheat germ 
0-5 g. wheat germ + 100yug. pantothenate 
1 g. wheat germ 
1 g. wheat germ + 100g. pantothenate 
2 g. wheat germ 
2 g. wheat germ + 100ug. pantothenate 
Whole liver extract = 6 g. fresh liver 


Average weekly weight increase (g.) 
ms —n a eee 
For whole 
Week 1 Week2 Week3 Week4 period 
22-6 19-4 15-6 11-6 17-3 
24-4 26-0 27-6 30-4 27-1 
22-1 17-9 17:3 —_ 19-1 
18-4 14-4 9-8 11-8 13-6 
27-5 27-4 29-2 37-2 30:3 
22: 13-3 12-9 14-5 15-7 
24-0 26-6 25-2 28-3 
18-6 20-0 24-0 21-6 
25-9 23-9 26-3 25:7 
23-8 30-1 -— 


NS 
SS 


bo bo bo b 


28-5 
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rm AW 


oo 


Table 3. Growth of rats receiving supplements of pantothenate, liver extract and/or wheat germ 


Supplementary dose, daily 
Liver extract = 12 g. fresh liver 
Liver extract = 6 g. fresh liver + 1 g. wheat germ 
Liver extract = 6 g. fresh liver + 2 g. wheat germ 
Liver extract = 6 g. liver 
Liver extract = 3 g. liver +0-25 g. wheat germ 
Liver extract = 3 g. liver +0-5 g. wheat germ 


Average weekly weight increase (g.) 

A. —— 

For whole 

period 

34:7 
35-9 
34-4 
28-3 
29-1 


28-5 


c 


No. of 
rats Week1l 
34-0 
32-5 
32-7 
29-1 
30-9 
28-4 


Week 3 Week 4 
39-6 34-4 
36-0 41-0 
36-0 38-6 
29-5 26-5 
28-3 32-1 
28-4 29-4 


Week 2 
30:8 
34-1 
30:3 
28-1 
25-1 
27:8 


All rats received 100pg. Ca-d-pantothenate daily. 
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alone (19-1 g.), thus affording evidence for the 
presence in wheat germ of the additional unknown 
growth-promoting substances. Without pantothenic 
acid the growth-promoting effect was considerably 
reduced (average weekly weight increase 17-3 g.), 
demonstrating the deficiency of wheat germ in this 
substance (Exp. 3, Table 2). 

In order to determine how much wheat germ was 
needed to meet the rat’s daily requirements, doses 
of 0-5, 1 and 2 g. daily were chosen and tested with 
and without 100yg. pantothenic acid. Fifty-two 
rats from ten litters were used in this test, and a 
group of rats receiving whole-liver extract served 
as a positive control (Exp. 4, Table 2). These results 
showed that 0-5 g. wheat germ was as effective as 
1 or 2g. in growth-promoting power when supple- 
mented with 100yug. pantothenic acid, the average 
weekly weight increases being 30-3, 28-3 and 25-7 g. 
respectively. Increasing amounts of wheat germ 
fed without pantothenic acid gave increasing growth 
rates. This might be explained by the assumptions: 
(a) that 0-5 g. wheat germ contains more than the 
rat’s daily requirement of the additional factors, 
and/or (b) that wheat germ also contains a small 
amount of pantothenic acid. The maximum weekly 
weight increase in this series, 30-3 g. when 0-5 g. 
wheat germ was supplemented with 100g. panto- 
thenic acid, is comparable with that obtained, 
28-5 g., when whole-liver extract equivalent to 6 g. 
of fresh liver was given. 

In order to determine whether wheat germ sup- 
plies all the additional growth factors other than 
pantothenic acid, comparison was made between 
wheat germ and whole-liver extract, which is the 
richest known source of these factors and was used 
by Macrae, Todd, Lythgoe, Work, Hind & El Sadr 
[1939]. For this test 34 male rats from 11 litters 
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were used. If wheat germ and whole-liver extract 
each contain all these additional factors and were 
given in adequate amounts, either should give 
maximum growth, and any mixture of the two 
should be equivalent to a corresponding amount of 
either. This was tested when 2 g. wheat germ were 
compared with whole-liver extract equivalent to 
6 g. fresh liver, and also when 0-5 g. wheat germ 
was compared with liver extract equivalent to 3 g. 
fresh liver, calcium-d-pantothenate and other vita- 
mins being fed at optimum doses to all animals. 
The last tests were important, because, if differences 
existed between wheat germ and liver extract with 
regard to the relative proportions of the hypothe- 
tical additional factors, such differences would be 
more apparent at lower dosage levels. No evidence, 
however, was found for any qualitative differences 
or, within the limits of the test, for differences in 
the proportions of the additional factors. The results 
are given in Table 3. 

Effect of additions of different amounts of panto- 
thenic acid to 0-59. wheat germ. A daily dose of 
0-5 g. of wheat germ was chosen as suitable, and 
determinations were made of the effect on growth 
rate of additions of 0, 12-5, 25, 50, 100 and 200 yg. 
daily of calcium-d-pantothenate. These results are 
divided into three sections, since litters containing 
six male rats were not always obtainable for all the 
levels to be tested at once. 

The pantothenate was made up in two solutions 
containing, in 1 ml., 25 and 50yug. calcium-d-panto- 
thenate, respectively, and a little chloroform was 
added. The requisite amounts were delivered into 
the dose dish before it was placed in the cage. 

The results in Table 4 show that 12-5—-50yg. 
pantothenate daily were suboptimal doses, and that 
the optimal dose was probably between 50 and 


Table 4. Growth of rats receiving supplements of wheat germ with varying amounts of added pantothenate 


Exp. Supplementary dose, daily 
6 (a) 0-5 g. wheat germ 
and 0-5 g. wheat germ + 12-5yg. Ca-d-pantothenate 


6 (c) 0-5 g. wheat germ +25 yg. Ca-d-pantothenate 
0-5 g. wheat germ + 100ug. Ca-d-pantothenate 
Liver extract = 6 g. fresh liver 

6 (bd) 0-5 g. wheat germ 

and 0-5 g. wheat germ + 25g. Ca-d-pantothenate 

6 (c) 0-5 g. wheat germ + 50yug. Ca-d-pantothenate 
0-5 g. wheat germ + 100ug. Ca-d-pantothenate 

6 (c) 0-5 g. wheat germ 
0-5 g. wheat germ + 12-5yug. Ca-d-pantothenate 
0-5 g. wheat germ + 25g. Ca-d-pantothenate 
0-5 g. wheat germ + 50 ug. Ca-d-pantothenate 
0-5 g. wheat germ + 100yug. Ca-d-pantothenate 
0-5 g. wheat germ + 200yug. Ca-d-pantothenate 


Average weekly weight increase (g.) 





7 \ 
No. of For whole 
rats* Week1l Week2 Week3 Week‘ period 

18 16-1 11-5 9-3 9-5 11-6 
18 19-8 14-4 12-9 14-1 15-3 
19 20-2 20-2 18-7 10-9 17-5 
18 27:8 26-6 27-2 29-6 27-8 
6 26-5 17-9 18-7 24-5 26-9 
14 16-2 10-4 9-1 9-1 11-2 
13 24-0 18-1 15-9 17-9 19-1 
14 23-9 23-3 23-6 23°2 23-5 
14 29-2 24-2 27:3 29-3 27-5 
8 15-6 11-8 9-5 8-3 11-3 
8 20-0 16-8 13-6 13-2 15-9 
8 22-9 19-7 16-2 15-2 18-5 
10 22:7 26-3 23-7 23-3 23-0 
8 31-5 25-5 29-1 28-3 28-6 
4 26-3 25-5 22: 27-1 25-3 


* The results given in Exp. 6 (c) for doses of 12-5, 25, 50 and 100yug. Ca-d-pantothenate are included in the averages 
given for these doses in Exps. 6 (a) and 6 (6). 
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100g. This figure is in accord with the figure of 
80 yg. daily, given by Unna [1940] as the optimal 
daily dose for rats. The same result emerges from 
Fig. 1, in which a fairly smooth curve was obtained 
when the average weekly weight increases calcu- 
lated from the results of Exp. 6 (c), ete. in Table 4 
were plotted against doses of pantothenate. If the 


Log,» daily dose Ca pantothenate 
0-50 1-00 1-50 


RS 


20 


16 O 


Average weekly weight increase, ‘g. 


20 40 60 80 100 
Daily dose of pantothenate, pg. 

Fig. 1. Curve showing relation of average weekly rate of 
weight increase in young rats to the daily dose of Ca-d- 
pantothenate added to a basal diet containing other 
Bvitamins, 0-5 g. wheat germ being given daily to each rat. 


logarithms of the doses are plotted, the curve 
approximates to a straight line up to doses of 
about 100yug. Where possible, rats from the same 
litter were used in the comparison of these doses, 
and in one series controls were included’ receiving 
a 6 g. equivalent of whole-liver extract (Exp. 6 (a)). 
Since litters containing six or more male rats oc- 
curred infrequently, comparison of the effects of 
the addition of 0, 12-5, 25 and 100 yg. in Exp. 6 (a), 
and of 0, 25, 50 and 100yug. pantothenate in 
Exp. 6 (b) were made with litters containing four 
male rats only. 


Occurrence of symptoms of deficiency 
of pantothenic acid 

The symptoms noted when insufficient doses of 
pantothenic acid were given were greying of the 
naturally pigmented portions of the fur and also a 
generalized soiling and staining of the fur with an 
orange yellow substance, mainly in the hind ventral 
regions. The former is considered characteristic of 
pantothenic acid deficiency, the latter, which is due 
to a porphyrin body, has been noted in deficiency 
of riboflavin as well as in that of the filtrate factor 
of the vitamin B, complex [Chick, Macrae & 
Worden, 1940]. The above symptoms, which ap- 
peared to be aggravated when a small dose of 
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pantothenate (12-5 yg. daily) was given, are possibly 
due to a greater strain caused by the increased 
growth stimulated; they tended to disappear when 
the rats received 100 yg. daily of Ca-d-pantothenate. 
In addition, there was a tendency for the normal 
jet black patches of fur of all rats to turn a rusty 
colour after they had received wheat germ, a change 
not observed when whole-liver extract was given. 


DISCUSSION 


The use of rats for the estimation of pantothenic 
acid in natural materials has advantages over the 
microbiological method, since for the latter the 
complete extraction of the pantothenic acid is 
needed in a form in which it can be utilized by 
bacteria. The presence of ‘bound’ forms of panto- 
thenic acid has been suggested by the work of 
Pennington, Snell & Williams [1940], of Waisman, 
Henderson, McIntire & Elvehjem [1942] and of 
Strong, Feeney & Earle [1941]. If it may be as- 
sumed that the rat can absorb pantothenic acid 
from all those forms of combination from which it 
is available to other animals, estimation by the 
method here described is particularly suitable for 
avoiding this difficulty. 

The successful development of the method on 
the assumption that wheat germ supplies ample 
amounts of the ‘additional factors’ is to be taken 
as further proof of their existence, and the magni- 
tude of the increase in growth rate ascribable to 
them suggests that they play a major part in the 
nutrition of the rat. 


SUMMARY 


1. Wheat germ has been found to contain ade- 
quate amounts of the one or more unidentified 
factors required by the rat, and is comparatively 
deficient in pantothenic acid. 

2. These facts have been made the basis ofa 
method for the estimation of pantothenic acid by 
the growth of young rats. 

3. Addition of pantothenic acid to a basal syn- 
thetic diet supplemented by vitamin B, (aneurin), 
vitamin B, (pyridoxine), riboflavin, inositol, choline, 
nicotinic acid, cod-liver oil and wheat germ was 
followed by an increase in the growth rate propor- 
tional to the logarithm of the amount fed. 

4. The optimum daily dose of calcium-d-panto- 
thenate for a young rat (40-150 g. weight) appears 
to lie between 50 and 100yg. 


In conclusion we acknowledge the personal grant to one 
of us (J. S. D. B.) from the Medical Research Council, and 
gifts to the Division of Nutrition of calcium-d-pantothenate 
from Messrs G. Merck, Rahway, N.J., of pure vitamin B, 
and riboflavin from Roche Products Ltd. and of liver ex- 
tract from Glaxo Laboratories Ltd. We also wish to thank 
Dr H. Chick for helpful advice and Miss Ruby Leader for 
assistance in the care of the experimental animals. 
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Appendix : Statistical Analysis 


By J. O. IRWIN anv G. N. JENKINS 


By analysis of variance, the differences from litter to litter 
of the animals in Exp. 6 (c) were tested and found not to 
be significant. Hence it is justifiable to estimate the 
standard errors of mean responses or of slope from the 
variance in growth of animals (not littermates) on the 
same dose. 
b ab Ratio 
Average increase in response (i.e. 4-26 1-12 3-80 
body-weight —increase/week) 
when dose is doubled 
Average increase in response 
when dose is increased tenfold 


1416 3-70 3-80 


The standard error is based on 28 degrees of freedom 
and the slopes are therefore highly significant. The curve 
relating the logarithm of the dose to the response shown 
by rate of weight increase shows no significant departure 
from linearity. 

Ignoring the addition to the error of any estimation due 
to the error of the estimate of slope, which may, of course, 
be considerable, the limits of error for one estimation with 


ten rats on the standard and ten on the test substance 
would be: 
p=0-99 
p=0-95 


64 to 157% 
55 to 181% 


This basis is comparable with that used in the British 
Pharmacopoeia Commission Report on the Accuracy of 
Biological Assays [1936]* and the accuracy found with 
that usually obtained in biological assays. 

For Exps. 6 (a) and 6 (5) the results are as follows: 


Limits of error 

(p=0-99) for 10 
Ratio rats on each dose 
61 to 164% 
64 to 157% 


Exp. Slope 6 ob 


6 (a) 4-30 0-76 5-7 
6 (b) 4:19 1-02 4-1 


The errors in the result are increased if the period of 
dosing is reduced from 3 to 4 weeks, although the results 
are still significant. 


* Gen. Med. Coun. Brit. Pharm. Com. Report, p. 10[1936]. 
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Intermediate Stages in the Metabolic Conversion of Benzpyrene 
to 8-Hydroxy-benzpyrene in Mice 


By F. WEIGERT anv J. C. MOTTRAM, Physico-Chemical Department of the 
Mount Vernon Hospital, Northwood, Middlesex 


(Received 5 June 1943) 


Chalmers & Crowfoot [1941] showed that after ad- 
ministration of benzpyrene to rats and mice a small 
amount of monohydroxybenzpyrene could be iso- 
lated from the faeces. Berenblum, Crowfoot, 
Holiday & Schoental [1943] identified this as 
8-hydroxy-3:4-benzpyrene, and established the pre- 
sence of 3:4-benzpyrene-5:8-quinone in the faeces. 
Intermediate metabolites, ‘BPX’ and ‘BPF’ could 
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be demonstrated by a blue fluorescence of the bile 
[Peacock, 1936, 1940] and a blue-green fluorescence 
of the faeces [Chalmers, 1938] respectively, both 
distinguishable from the violet fluorescence of the 
parent hydrocarbon in organic solvents. Doniach, 
Mottram & Weigert [1943 a, b] found that the blue 
‘BPX’ fluorescence changed to the blue-green 
‘BPF’ fluorescence after the contents of the small 
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intestine had passed through the ileo-caecal valve. 
Furthermore, evidence was given that a blue 
fluorescence with a spectrum similar to that of 
‘BPX’ appeared in the kidney cortex, liver and 
lung of mice after intravenous inoculation of, or 
feeding with, benzpyrene, and in the skin after 
painting with it. The benzpyrene compounds to 
which the specific fluorescence was due (called 
collectively ‘tissue-BP-blue’) were produced locally 
in the specific organs and in the painted area of the 
skin. A blue-green fluorescence with a spectrum 
similar to that of ‘BPF’ was sometimes seen in the 
lungs of rabbits. 

The typical fluorescence spectrum of ‘bile-BPX’ 
and ‘tissue-BP-blue’ with maxima near 450 and 
425 my, and that of ‘BPF’ with maxima near 465 
and 440mp, were seen on examination of the 
original tissues and of their unpurified extracts in 
ultra-violet light. It has now been possible, after 
a simplified chromatographic purification of the 
fluorescent compounds in these extracts, to study 
in greater detail the course of benzpyrene meta- 
bolism. 


EXPERIMENTAL 


Mice which had been inoculated in the tail vein with 1 ml. 
of a coarse suspension of 0-05% benzpyrene in saline were 
killed after 3-7 hr., and the gall-bladder and digestive 
tract removed. The small intestine, which fluoresced blue, 
and the large intestine (caecum +colon +faeces), which 
fluoresced blue-green, were rinsed superficially with distilled 
H,O, minced, and each shaken mechanically with about 
3 ml. of acetone. The bile from the opened gall-bladder 
was shaken in a small tube with 1 ml. of acetone. These 
operations were carried out as quickly as possible after 
death. The solids were centrifuged down and the acetone 
extracts transferred to benzene by adding to the clear 
acetone solutions about 3 ml. of benzene, and washing 
two or three times in a tubular separating funnel with 
N/100 H,SO,. The benzene solutions were then separated 
and dried over anhydrous Na,SO,. 

The dried benzene solutions were poured on to columns 
of alumina 7-10 mm. in diam. and 3-4 em. long, and the 
chromatograms developed under gravity with benzene for 
about 1 hr. The progress of adsorption and the behaviour 
of the fluorescent zones on development could easily be 
followed in the ultra-violet light of a G.E.C. Osira lamp 
with a Wood glass bulb. The fluorescent zones and rings 
on the Al,O, were spectrographed separately with the 
illuminating device described by Doniach et al. [19434], 
which was particularly well suited for making ‘optical 
sections’ at any place on the column. The various portions 
were then cut and eluted with absolute ethanol. 


RESULTS 


Bile and small intestine. A bluish violet-fluor- 
escent adsorbate with a banded fluorescence spec- 
trum was strongly fixed at the top of the column, 
and did not move down on development. Its 


ethanol eluate fluoresced blue, with essentially the 
same spectrum as the adsorbate. From the spectro- 
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grams graphs were recorded, using Goldberg’s [1910] 
densograph, which served as a primitive micro- 
photometer [Weigert & Mottram, 1940]. The graphs 
(Fig. 1) for the adsorbates (a) and the ethanol 
eluates (b) are almost identical except for a slight 
displacement towards longer wave-lengths for the 


400 440 480 520 
Fig. 1 

400 440 480 520 
Fig. 2. 


Figs. 1, 2. Photometric records of fluorescence spectro- 
grams of mouse tissue extracts after chromatography. 
Abscissae: wave-length in mp (prismatic spectrum). 
Ordinates: density (arbitrary scale). 


Fig. 1. Bile. (a) Blue-fluorescent adsorbate. 
fluorescent eluate in ethanol. 


(6) Blue- 


Fig. 2. Large intestine. (a) Green-fluorescent adsorbate. 
(6) Blue-fluorescent eluate in ethanol. 


adsorbate. The photometric record for the adsor- 
bate (a) shows two maxima, at 422 and 443 my, and 
an inflexion at about 472 my, which appears as a 
weak secondary band in the spectrum itself. The 
corresponding wave-lengths for the ethanol eluate 
(b) are 417, 438 and 470 my respectively. 

Large intestine. A bright green-fluorescent ring 
moved slowly down; its spectrum showed one broad 
maximum at about 460 my, but no bands (Fig. 2a). 
The ethanol eluate fluoresced whitish blue with a 
banded spectrum. The photometric record (Fig. 2b) 
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shows two maxima, at 425 and 449 my, but no in- 


flexion. Sometimes a faint blue-fluorescent adsor- 
bate remained fixed at the surface. 

Influence of storage of material before extraction. 
When the extraction was not carried out imme- 
diately after killmg the mouse, a green-fluorescent 
chromatographic zone also appeared with extracts 
from bile and small intestine. Therefore, in another 
set of experiments, the diluted bile and the minced 
small and large intestinés were each divided into 
two portions immediately after death, one of which 
was stored in ice for 3 days, while the other was 
extracted at once. The benzene extracts of the 
latter were kept over anhydrous Na,SO, for 3 days 
until the others were ready, when they were all 
chromatographed together side by side in pairs. 
With the material stored before extraction, the blue 
fluorescence at the surface was greatly reduced in 
the case of the bile and small intestine, while a new 
green zone appeared and moved slowly down on 
development. This zone showed, both as adsorbate 
and as eluate, the spectrographic properties de- 
scribed above for the large intestine. In the case of 
the large intestine the phenomena were unaltered 
by postponement of the extraction. The change 
from the blue- to the green-fluorescing adsorbate 


with bile and small intestine was greatly accelerated 
when the specimens were stored at room tempera- 
ture, or at 37°, before extraction. 


Whenever a particularly bright green-fluorescent 
zone appeared, a red-fluorescing diffuse zone could 
be seen under it on the column; it moved down 
more quickly than the green zone, and could be 
eluted with chloroform. Neither the red adsorbate 
nor its eluate in chloroform showed a banded 
fluorescence spectrum. 

The effect of preservation of the intestines by 
formaldehyde was also investigated. The digestive 
tracts were kept for periods up to 2 months in 
formol-saline (containing 4% H.CHO) at room 
temperature. Acetone extracts of the minced small 
intestines which had been transferred to benzene 
gave only the blue fluorescence at the top of the 
chromatographic column, while those of the large 
intestine gave the green-fluorescent zone which 
moved down slowly on development. 

Properties of the different fluorescent substances. 
The solubility of the blue-fluorescent adsorbate in 
ethanol seemed to be distinctly lower than that of 
the green-fluorescent adsorbate. This was in agree- 
ment with the observed fact that the green zone 
moved slowly down on development with benzene, 
while the blue-fluorescent substance stayed at the 
top. In N/100 NaOH the blue-fluorescent adsorbate 
on the Al,O, dissolved to give a solution with a 
banded blue fluorescence spectrum, while the alkali 
solution of the green adsorbate fluoresced green 
with a single broad maximum. 
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When the separated blue-fluorescent AI,O, 
zone was dried and heated in an evacuated tube 


.to 100—200°, the fluorescence changed from blue 


through white to yellow-green, and the fluorescence 
spectrum (which in the case of the original adsor- 
bate was banded) changed to a spectrum with one 
broad maximum. -An ethanol extract after this 
transformation fluoresced whitish blue and had the 
same banded spectrum as the eluate of the green 
zone. When the ethanol extract was transferred to 
benzene and again poured on to a column of 
Al,O;, a single green-fluorescent ring appeared 
and moved slowly down on development. 

-The ethanol eluate of the blue-fluorescent ad- 
sorbate from the small intestine of a single mouse 
contained a quantity of material sufficient to record 
some absorption bands. With the eluate in a quartz 
tube, 4 cm. long and 4 mm. diam., narrow 
bands appeared at 366-372, 377-382, 386-393 and 
405-412 my. The small intestine of another mouse 
was kept for 1 day at 37° before extraction with 
acetone, when the blue-fluorescent derivative was 
completely transformed into the derivative which 
gave a green-fluorescent adsorbate on alumina. Its 
eluate in ethanol in a tube 1 em. long and 4mm. 
diam. showed quite different and wider bands at 
358-364, 375-384, 392-407 and 415-433 my, with 
maxima at 362, 381, 400 and 422 my respectively. 

The minced kidneys, livers and lungs of benz- 
pyrene-treated mice were extracted with acetone 
immediately after killing, and the extracts trans- 
ferred to benzene and chromatographed. The excess 
of dissolved unchanged benzpyrene, which was par- 
ticularly great in the lung, was first washed out 
with benzene, after which development was con- 
tinued for about 1 hr. Bright blue-fluorescent 
adsorbates remained on the column in the case of 
liver and kidney, and traces in the case of lung. 
The fluorescence spectra of these adsorbates and of 
their eluates were exactly the same as in the case 
of bile and small intestine. However, in contrast 
to them, the blue-fluorescent zones were not sharp 
but extended diffusely (about 1 em. with kidney and 
about 2 cm. with liver) into the column. The lungs of 
three mice yielded a green-fluorescent adsorbate, 
which behaved like that from the large intestine. 

Postponement of the extraction of kidney and 
liver had an effect on the chromatographic pheno- 
mena similar to that observed with bile and with 
small intestine. For instance, when the organs had 
been left for 1 day at 37° in saline, a narrow green 
ring moved slowly through the diffuse blue zone 
down the column. The rate of this movement was, 
in the case of liver, about twice that for kidney, 
but the fluorescence spectra of these green rings as 
adsorbates and as eluates in ethanol were the same 
as with the large intestine. The green zones did not 
appear if the organs were stored in formol-saline. 
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DISCUSSION 


Two different kinds of fluorescence phenomena can 
be distinguished by chromatography in extracts of 
various tissues and of the bile of mice after their 
treatment with benzpyrene. The prototypes are, on 
the one hand the bile, where Peacock [1936] dis- 
covered the blue-fluorescent ‘BPX’, and on the 
other hand the large intestine and faeces, where 
Chalmers [1938] established the presence of the 
blue-green-fluorescent ‘BPF’. Since it is obvious 
that the fluorescent zones on the Al,O,; contain 
the bulk of the fluorescent compounds in bile and 
faeces, it is suggested that the term [BPX] should 
be used for the type of the compound from bile 
which gives after chromatography a banded blue 
fluorescence spectrum as adsorbate and the same 
banded spectrum as eluate (Fig. 1 a,b) and the 
term {[BPF] should be used for the type of the 
compound from the large intestine and faeces which 
gives after chromatography a non-banded green 
fluorescence spectrum as adsorbate and a banded 
whitish blue spectrum as eluate (Fig. 2 a, b). 

The approximate fluorescence maxima of the four 
compounds before chromatography (inverted com- 
mas) and after chromatography (square brackets) 
may be summarized as follows: 


Before 


‘BPX’: 425, 450mp 
“BPF’: 440, 465mu 


After 
[BPX]: 417, 438, 470mp 
[BPF]: 425, 449mp 

[BPX] is more strongly adsorbed on Al,O, and 
less soluble than [BPF]. They are chemically to be 
distinguished from each other, because their fluor- 
escence spectra, their absorption spectra and their 
chromatographic behaviour are different. 

The nature of [BPX] and of [BPF] has not yet 
been ascertained because our adsorbates contained 
only minute amounts. However, the fluorescence 
and absorption spectra of [BPX] and [BPF] and 
their chromatographic behaviour lead to some 
tentative conclusions: 

(a) [BPF] is closely related to 8-hydroxybenz- 
pyrene prepared by Berenblum & Schoental [1943] 
from faecal extracts which had been concentrated 
by chromatography followed by sublimation in 
vacuo. These authors were in fact working with 
[BPF]. 

(6) Slight differences in the rate at which the 
green zone moved down the chromatographic 
column were seen when [BPF] was prepared from 
different sources. Hence, [BPF] probably com- 
prises a group of complexes which can contain 
various cell constituents in combination with 
8-hydroxybenzpyrene. : 

(c) This combination must be a loose one, be- 
cause the absorption maxima of the eluate of 
[BPF] in ethanol (362, 381, 400 and 422 my) corre- 
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spond closely with the absorption maxima (362, 
380, 401 and 424 my) read from the graph of the 
absorption spectrum of pure 8-hydroxybenzpyrene 
in ethanol published by Berenblum, Crowfoot, 
Holiday & Schoental [1943]. 

(d) The marked difference between the fluor- 
escence spectra of the adsorbate of [BPF] on 
Al,O, and of its eluate in ethanol shows that its 
hydroxybenzpyrene component is directly affected 
by the adsorption. 

(e) [BPX] too must be considered as a group 
of complexes, made up of benzpyrene or a deriva- 
tive and various cell constituents as carrier mole- 
cules. This follows from the different chromato- 
graphic behaviour of [BPX] from various sources. 

(f) The fact that the same banded fluorescence 
spectrum is shown by all the members of the [BPX] 
family, as adsorbates and as eluates, indicates that 
the benzpyrene ‘nucleus’ is the same in all cases 
and is not affected by the adsorption. Hence the 
strong adsorption to the top of the column is due 
to the adsorbing properties of the carrier mole- 
cules.* 

(g) The absorption bands of the ethanol eluate 
from [BPX] at 366-372, 377-382, 386-393 and 
405-412 my coincide ‘neither with those of 8-hy- 
droxybenzpyrene nor with those of any other 
known benzpyrene derivative. Therefore, nothing 
definite can be said at present about the chemical 
nature of the benzpyrene derivative in the complex. 
However, the observed easy transformation of 
‘BPX’ into ‘BPF’ in the living mouse after passage 
through the ileo-caecal valve or post mortem by 
autolysis, and of [BPX] into [BPF] in vitro by heat, 
shows that ‘BPX’ and [BPX] are chemical pre- 
cursors of ‘BPF’ and [BPF'] respectively. 

The limits of the stability of [BPX] have not yet 
been established: it is stable in tissues in the form 
of ‘BPX’ over long periods of time in the presence 
of formalin, and visible and near ultra-violet light 
do not alter [BPX] to a perceptible degree, either 
as adsorbate or as eluate. 

The experiments here described, in conjunction 
with those of Doniach, Mottram & Weigert [1943 
a, b], provide evidence for a tentative chart (shown 
on p. 501) of the various stages in the metabolic 
and chemical change from benzpyrene to 8-hydroxy- 
benzpyrene. 

The red-fluorescent derivative which appears on 
the alumina column when [BPF] is produced via 
(2) or (3) and (4) has chromatographic properties 
similar to those of the benzpyrene-5:8-quinone dis- 
covered by Berenblum & Schoental [1943] in the 
faeces, i.e. it moves down more quickly than [BPF] 


* We owe the suggestion of the possible existence of a 
complex of a benzpyrene derivative with another strongly 
adsorbing substance to a personal communication from 
Dr Berenblum. 
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and can be eluted with chloroform. However, its 
red fluorescence is not in agreement with the pro- 
perties of benzpyrene-5:8-quinone, according to 
Berenblum & Schoental. 


(1) (2), (3) 
Benzpyrene —-—> ‘ BPX’ ——-> ‘BPF’ 


(4) (4) 
5 (6) 


(5) 
[BPX] ——— [BPF] —-> 8-OH-benz- 
pyrene 


(1) In vivo, local production in the skin, kidney, lung 
and liver (excreted with the bile). 

(2) In vivo in the large intestine and occasionally in the 
lung of rabbits and mice. 

(3) In vitro by post-mortem autolysis. 

(4) In vitro by adsorption on to alumina. 

(5) In vitro at elevated temperature in vacuo. 

(6) In vitro by sublimation in vacuo. 


Of the various steps in the transformation of 
benzpyrene into 8-hydroxybenzpyrene outlined 
above, step (1) is the only one concerned in the 
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problem of benzpyrene carcinogenesis, because it 
alone occurs in the living cell. The later steps which 
eventually lead to hydroxybenzpyrene are merely 
concerned with the removal of the hydrocarbon 
from the body. 

SUMMARY 


It has been shown by fluorescence chromatography 
of quite fresh extracts from organs of mice which 
had been treated with benzpyrene that the hydro- 
carbon is not metabolized directly to 8-hydroxy- 
benzpyrene but that the transformation passes 
through three intermediate stages which have been 
studied separately. The suggested relationship of 
these stages has been discussed. 
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Effect of Vitamin B on the Growth of Fibroblasts 


By EDITH PATERSON anp MARY V. THOMPSON, Southport Research Laboratories, 
The Christie Hospital and Holt Radium Institute, Manchester 


(Received 17 June 1943) 


Components of the vitamin B complex have long 
been considered of importance in growth. In par- 
ticular vitamin B, has been assayed by animal 
growth methods. The experiments described were 
designed to test whether such a growth-promoting 
effect could be demonstrated directly on cells in 
vitro. In essence the problem was approached in 
two ways: first, by depriving fibroblasts of com- 
ponents of the vitamin B complex by growing 
them in media obtained from pigeons suffering 
from acute beriberi; secondly, by adding to such 
deficient media appropriate amounts of vitamin B 
(yeast extract) and vitamin B, (aneurin). 


METHODS 


Culture material. Tissue cultures of fibroblasts were ob- 
tained from the choroidal and sclerotic layers of the eyes 
of 9-day chick embryos, and culture by the hanging drop 
technique was carried out for at least ten passages prior 
to each experiment. This length of cultivation has been 
found to produce a uniform outgrowth of fibroblasts, and 
any initial supply of growth-promoting substance present 
in the tissue has been largely exhausted [Carrel & Ebeling, 
1921]. Cultures which showed excellent outgrowth were 
then graded for an experiment. The areas of the explants 
were measured, and the cultures divided into sets in such 
a way that the explants in any two or more sets to be 
compared were approximately equal in area. The selection 
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of sets to be used for each treatment was made at random. 
The preparations were then mounted for the actual experi- 
ment by the double coverslip method of Maximow. Care 
was taken that the volume of plasma and extract used 
was constant and equal, that the cavity of the hollow 
ground slide was of the same size for all cultures, and that’ 
the size of the spread drop was the same in all cases. This 
last was effected by placing under each coverslip a standard 
circle drawn on paper, and spreading the drop to that size 
for each preparation. 

Culture medium. The medium consisted of equal parts of 
the tissue extract. to be tested and plasma obtained from 
pigeons suffering from acute beriberi (‘beriberi plasma’). 
This plasma was used in all the experiments both for the 
experimental and for the control groups of cultures. In 
any one experiment the plasma for both experimental and 
control cultures was obtained from the same pigeon. Since 
the plasma was constant and the technique the same for 
all cultures of any experiment, the only varying factors 
which might influence growth were the tissue extracts or 
the vitamin preparations which were added. 

Brain extracts (‘beriberi brain extract’) for the experi- 
mental cultures were obtained from pigeons with the 
classical symptoms of acute beriberi as described by 
Peters [1936]. These symptoms included opisthotonus in 
all cases except one which showed emprosthotonus (Exp. 5, 
pigeon used for refeeding cultures at 48 hr,). Defective 
vision not amounting to blindness was present; this 
symptom was not ascertained in the case of two birds 
which had typical convulsions. Weight loss averaged about 
30% of the original weight of the bird. In the pigeons used 
the time taken to produce these effects was 24-29 days. 
The methods used to produce beriberi were those recom- 
mended by Kinnersley, Peters & Reader [1928]. The brain 
was removed as soon as possible after decapitation, and 
extracts were made immediately. Extracts for the control 
cultures were similarly prepared from the brains of normal 
pigeons (normal brain extract). In experiments requiring 
extracts of normal embryos, these were prepared by 
mincing fowl chicks of 8-9 days’ incubation. 

It was found by W. Dale and one of us that the water 
content of adult avian brain tissue was less than that of 
avian embryo, the latter containing 2-03 times the water 
of the former. To standardize our extracts, therefore, 
2-03 cc. of Ringer-Compton-Pannett solution were added 
to each gram of freshly prepared brain pulp. After standing 
for 30 min., the diluted brain pulp or the undiluted embryo 
pulp was centrifuged at 1500 r.p.m. for 10 min. The super- 
natant fluid was regarded as 100% extract and further 
dilutions were made on this basis. Extracts of normal 
brain have been used successfully in this laboratory for 
some years, and have been found to provide a rich source 
of growth-promoting substances. 

In Exp. 1, for convenience, dried extracts of brain were 
used throughout. An apparatus similar to that described 
by Flosdorf & Mudd [1935] was employed. Such dried 
extracts can be diluted to any required strength and are 
satisfactory and convenient. 

Vitamin sources. The vitamin B, used throughout was 
synthetic (aneurin chloride hydrochloride) and was sup- 
plied by Prof. A. R. Todd. The concentration used was 
such that 0-04 mg. was present in 100 ml. of the medium 
in which the cultures were grown. This calculation was 
based on the curative dose of aneurin for a pigeon weighing 
300 g. If this amount is regarded as being 3yg./day, or 
6 wg. in 2 days, then the amount in the culture medium 
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(changed every 48 hr.) was five times the curative concen- 
tration for a pigeon. 

For vitamin B an extract of brewer’s yeast was used. 
This had been prepared for experimental purposes by Glaxo 
Laboratories Ltd. It was at first thought to include all the 


members of the B complex of vitamins found in brewer's ~ 


yeast and to contain 133 yg./g. of vitamin B, (as aneurin 
chloride hydrochloride) and 154yg./g. of riboflavin (as 
hydrochloride). It was later learned that most of the 
biotin of this preparation had remained in the residue. and 
that the vitamin B, content was unstable, and probabiy 
negligible at the time of the experiment. The amount of 
the extract used was based on the stated content of aneurin, 
and was calculated as given above for vitamin B,. Neither 
the aneurin nor the yeast extract was sterilized. Both 
were weighed with aseptic precautions and were dissolved 
in the sterile distilled water used in making the Ringer 
solution with which the tissue extract was diluted. 

The measurement of outgrowth. Experimental and control 
groups of cultures were incubated at 39°. After 48 hr. the 
outline of each explant and its outgrowth was drawn by 
projection. The cultures were then washed with the Ringer 
solution and fed with fresh extracts in the same dilution 
as was used in the first instance. After incubation for a 
further 48 hr., the new outlines were drawn. The areas 
obtained were measured with a planimeter, and the relative 
increase in size was calculated after the method described 
by Ebeling [1921]. The difference in the mean relative 
increase in two groups of cultures differently treated was 
examined for significance using the ‘t’ test and extensions 
of this test. 


RESULTS 


The influence of beriberi brain extracts on the 
growth of fibroblasts in vitro 


(1) The influence of the concentration of the extract. 
The first experiment was designed to find whether, 


Relative increase 





0 48 96 144 
Time in hr. 
Fig. 1. Comparison of growth when two concentrations of 


beriberi brain extract were used. Concentration of ex- 
tract in A was ten times that of B. 


when vitamin B was deficient, growth-promoting 
factors were still present in tissue extracts. It was 
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argued that if growth-promoting factors were pre- 
sent in beriberi brain extracts, their influence would 
depend on their concentration, as occurs with 
embryo extract; if growth-promoting factors were 
absent then no difference in growth would occur 
when two concentrations were compared. To one 
group was added 200%, to the other 20 % extract 
produced from dried extract. Measurements were 
made every 48 hr. Re-feeding at those times was 
carried out, using freshly dried material in the same 
dilutions as were used initially. A total of 39 cul- 
tures was used. 

The group fed with 200 % beriberi brain extract 
grew much better than that fed with 20%. The 
average relative increases are shown quantitatively 
in Fig. 1. The difference in the relative increase was 
found to be highly significant. (t=3-57 at 48 hr.; 
t=4-41 at 96 hr.; degrees of freedom (d.f.)=37.) 
This experiment showed that extracts from brains 
of pigeons suffering from beriberi were still growth- 
promoting to fibroblasts, and that the stimulation 
of growth increased with the concentration of such 
extracts. 

(2) A comparison of the growth obtained with 
normal and beriberi brain extracts. Having found 
that extracts from pigeons suffering from acute 
beriberi retained growth-promoting properties, we 
compared the activity of such extracts with that 
of extracts of normal tissue. The experimental cul- 
tures were fed with 10 % fresh beriberi brain extract ; 
for the controls 10% fresh normal brain extract 
was used. In Exp. 2 there was a total of 35 cultures, 
and in Exp. 3 a total of 56 cultures. In both ex- 
periments the gruwth of the cultures fed with beri- 
beri brain extract was less than that in the groups 
fed with normal brain extract, values of t= 1-78 
(Exp. 2; d.f. = 33) and t= 1-5 (Exp. 3; d.f.= 54) were 
obtained. The difference for each experiment taken 
singly was insignificant, since on the 5% level of 
significance, t=2-03 for d.f. 33 and ¢=2-00 for 
d.f. 54. A formula for extending the ‘t’ test for 
multiple samples was used to combine the figures 
for the two experiments. This test showed the 
difference in growth to be above the 5% level of 
significance. 

In three further experiments the same com- 
parison was made (Exps. 4-6), the results all 
tending to show that beriberi brain extract was 
less growth-promoting than normal brain extract. 
In Exps. 5 and 6 this difference was significant— 
‘t’ for Exp. 5 at 48 hr. being 5-15; at 96 hr. = 5-65 
(d.f.= 70), and ‘t’ for Exp. 6 at 48 hr. being 2-87; 
at 96 hr.=3-7 (d.f.=83). In Exp. 4 the difference 
was less. This may have depended on a wartime 
dietary deficiency in the food of the control pigeons, 
a defect that was remedied in the two subsequent 
experiments. The results indicate that extracts 
from the brains of pigeons suffering from beriberi 
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are significantly less growth-promoting than are 
extracts from normal brains. The differences in 
relative increase of growth are illustrated in Figs. 
2 and 3 based on the data of Exps. 5 and 6. 

(3) The influence of the addition of yeast or of 
aneurin to beriberi brain extracts. In both experi- 
ments, three groups of cultures were used. Each 
experiment had control cultures fed on 5% normal 
brain extract, cultures fed on 5% beriberi brain 
extract, and cultures fed on 5% beriberi brain 
extract to which yeast extract was added in the 
concentrations mentioned previously. In Exp. 4 
a total of 78 cultures was used, in Exp. 5, 108 
cultures. 

A comparison of the growth of cultures fed on 
beriberi extract with those fed on beriberi extract 
with added yeast extract, showed an increased 
growth in the latter in both experiments. The 
difference in growth was significant at 96 hr. for 
each experiment taken separately. In Exp. 4 the 
value of ¢ was 2-35 (‘t’ for significance at 5% 
level = 2-00; d.f.=54). In Exp. 5, t=2-04 (‘t’ for 
significance at 5% level= 1-99; d.f.=70). It can 
therefore be stated that some component of the 
B complex of vitamins is growth-promoting in vitro. 
It is unlikely to be biotin, which was lacking in the 
extract used. The growth curves of Exp. 5 are 
shown in Fig. 2. 


Relative increase 





Time in hr. 


Fig. 2. Comparison of growth when yeast extract was added 
to media deficient in vitamin B complex. A =normal 
brain extract. B=beriberi brain extract. C =beriberi 
brain extract to which yeast extract was added. 


In the next experiment aneurin chloride hydro- 
chloride was added in the concentrations described 
earlier, instead of the yeast extract. A total of 
129 cultures was used, divided into three groups. 
Group A was fed with a 5% normal brain extract, 
group B with a 5% beriberi brain extract and 
group C with a 5% beriberi brain extract to which 
aneurin was added. Mean results showed no signi- 
ficant difference between the growth of cultures fed 
with beriberi extracts (15-72) and that obtained 
with beriberi extracts to which aneurin was added 
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(14-84). The growth obtained with normal brain 
extract was significantly greater than that in either 
of the experimental groups. 

The values of ‘t’ at the two periods of observa- 
tion in comparisons of the three groups are given 
in Table 1. 


Table 1. Values of ‘t’ obtained when the growth data 
for groups A, B and C (Exp. 6) are compared in 


Pore Value of ‘t’ Value of ‘t’ 
at 48 hr. at 96 hr. 
(Value of ‘¢’ for significance 
at 5% level =1-98) 
7 d.f.=84 3-7 
d.f. =84 4-34 
d.f. =87 0-607 


Comparison 


A compared with B 2-8 
A compared with C 2-6 
0-3 


B compared with C 6 


The relative increase in outgrowth of the three 
groups is shown in Fig. 3. 
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Fig. 3. Comparison of growth when additional vitamin B, 
was added to media deficient in vitamin B complex. 
A=normal brain extract. B=beriberi brain extract. 
C = beriberi brain extract to which vitamin B, was added. 


The influence of normal chick-embryo extract con- 
taining added aneurin on the growth of fibroblasts 
in vitro 


It has been shown in the previous experiments 
that vitamin B, acting by itself does not restore 
the growth-promoting capacity of beriberi brain, 
while the vitamin B complex does so, at least par- 
tially. The latter action may be due either to the 
presence of vitamin B, acting in concert with other 
members of the vitamin B complex, or it may be 
due to some factor in the vitamin B complex other 
than vitamin B,. If the former explanation were 
true, it would be likely that vitamin B,, in the 
presence of the normal embryonic extract and 
plasma, would improve the growth. Exp. 7 was 
designed to test this. A total of 54 cultures divided 
into two groups of 27 was used. Both groups were 
fed with equal volumes of 10% extract from chick 
embryos, and plasma from normal birds, In addi- 
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tion, aneurin was added to one group in the same 
concentration as before. 

In this experiment the growth obtained was 
almost equal in the two groups. The relative in- 
crease for the group without added vitamin B, was 
4-86, that for the group with added vitamin B, was 
4-49. The difference was insignificant since ‘t’ = 0-41. 
At 5% levels, t= 2-008 for d.f.= 53. 


Average relative increase 


9% 

Time in hr. 

Fig. 4. Comparison of growth when additional vitamin B, 
was added to 10% extract of normal chick embryos. 
A =normal embryo extract. B=normal embryo extract 
to which vitamin B, was added. 


The graphs of the relative increases of growth 
(Fig. 4) compared with those in Fig. 3 showed that 
the types of growth curve obtained are similar in 
form whether aneurin is added to a normal medium, 
or to a medium obtained from beriberi birds. 
Within the technical limits of the experiment the 
members of each pair of curves can be regarded as 


identical. 
DISCUSSION 


Until now the effect of the B complex of vitamins 
on growth has largely been examined on animals 
in vivo. Experiments in vitro have the advantage 
of affording a more direct picture of the effect on 
cells grown in a standard substrate and they exclude 
to some extent influences which are indirect. The 
disadvantage of tissue culture experiments is the 
difficulty of defining and of measuring growth. 

In the above experiments growth has been 
assessed as increase in area of the culture. It is 
appreciated that this ‘growth’ is a combination of 
cell division and outwandering. In order to ensure 
as far as possible that the ratio of division and 
oytwandering for any experiment was a constant, 
the plasma coagulum was kept as constant as pos- 
sible [Willmer, 1933]. All the plasma used for an 
entire experiment was obtained from one bird and 
the quantity used for each culture and the size of 
the spread drop were constant. The extracts used 
differed in their action, but except in Exp. 1 the 
dilution used in all sets of cultures in any one 
experiment was the same. It is therefore felt that 
in any experiment the mechanical properties of the 
medium and the accessibility of oxygen to the cells 
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were very similar. In Exp. 1 the dilutions of extract 
were of necessity different, but if the greater dilu- 
tion induced more outwandering this would operate 
to lessen the significance of the results obtained. 
In all the experiments in which extracts from 
normal brains were compared with extracts of 
brains from pigeons suffering from beriberi, it was 
shown that while growth occurred in the latter, it 
was less than that produced by brain extracts from 
normal birds. In beriberi it is very probable that 
there is a deficiency not only of aneurin, but of at 
least one other component of the B group of vita- 
mins [Williams & Spies, 1939]. The reduced growth 
of cultures fed with beriberi brain extract might 
therefore be regarded as due to a deficiency of 


-components of the vitamin B complex other than 


aneurin. 

In examining the effect of the addition of vita- 
min B, or of the vitamin B complex, it had to be 
kept in mind that these substances may not neces- 
sarily act in the free state on cells. The results of 
those experiments, in which an extract of the vita- 
min B complex was added to media deficient in 
vitamin B, showed that increased growth could be 
produced in the presence of the media supplied. 
It is therefore presumed that any other factor 
necessary for the effeet was present in the media. 
Since the extract of the vitamin B complex used 
was deficient in vitamin B, and in biotin, it is 
assumed that the growth-promoting substance was 
neither of these two. 

In those experiments in which vitamin B, was 
added, no effect on growth could be shown. This 
was true whethei ur not the medium was obtained 
from animals judged to be lacking not only in those 
substances necessary for the formation of co- 
carboxylase, but also in other components of the 
vitamin B complex. No correlation could therefore 
be made between growth and the carbohydrate 
metabolism of the cell, and no effect could be shown 
whether vitamin B, was used alone or in the pre- 
sence of the vitamin B of normal embryonic extract. 
The findings suggest that vitamin B, has no specific 
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effect on cell growth as measured in these experi- 
ments. It would follow that the use of growth rate 
in animals as a measure of vitamin B, must be 
dependent on an indirect influence on the animal 
as a whole, as for example an effect on appetite. 

It is felt that the methods described are satis- 
factory for further direct testing of the growth-pro- 
moting properties of constituents of the B complex 
of vitamins. ; 


SUMMARY 


1. An investigation was carried out to demon- 
strate the influence of the vitamin B complex and 
of vitamin B, (aneurin) on the growth of fibroblasts 
in vitro. 

2. Extracts of the brains of pigeons suffering 
from beriberi were found to contain substances 
which promoted a satisfactory growth of fibro- 
blasts. The growth obtained was, however, signi- 
ficantly less than that obtained when extracts of 
brains of normal pigeons were used. 

3. The addition of yeast extract, which was de- 
ficient in vitamin B, and biotin, improved signi- 
ficantly the growth of fibroblasts which were grown 
in a medium deficient in vitamin B. 

4. The addition of vitamin B, (aneurin) could 
not be shown to increase growth whether the 
medium was or was not deficient in its content of 
vitamin B complex. 

5. From the data obtained, it is concluded that 
the vitamin B complex, or some component of it, 
has a specific effect on growth in vitro. This growth- 
promoting factor is probably not aneurin. 


This work was carried out while one of the authors 
(E. P.) held the Pilkington Fellowship in Cancer Research 
of Manchester University. 
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A Note on the possible Relationship between Ascorbic Acid 
and Glutathione in vivo 


By F. T. G. PRUNTY, Department of Pathology anv C.C. N. VASS, Department of Physiology, 
St Thomas’s Hospital Medical School, London, S.E. 1 


(Received 5 July 1943) 


In view of the fact that both glutathione and 
ascorbic acid belong to a redox system, it was 
thought that it might be of interest to determine 
the concentrations of both substances simultaneously 
in the same human subject during an extended 
‘saturation’ test with ascorbic acid. 


METHODS 


Ascorbic acid in whole blood. Whole blood determinations 
were made by a slight modification of the method of 
Deeney, Murdock & Rogan [1942]. Pure CO was used for 
conversion of the haemoglobin to carboxyhaemoglobin. 
2 ml. of blood were diluted with 4 ml. of glass distilled 
H,O and 4 ml. of 16% HPO, used for precipitation. It 
was found impossible to remove all the suspended material 
by centrifugation on account of the presence of the octanol. 
After centrifuging, the solution was passed through a 5 cm. 
No. 41 Whatman filter paper which readily removed the 
large suspended particles. 

Plasma ascorbic acid. 4 ml. of plasma were treated with 
16 ml. of 3% HPO, solution as soon as possible after with- 
drawal of the blood. After centrifugation, 5 ml. portions 


of the clear supernatant fluid were titrated with a 0-01% 
solution of 2:6-dichlorophenolindophenol. 

Glutathione in blood and plasma. The method of Wood- 
ward & Fry [1932] was employed. The analyses were carried 
out immediately after withdrawal of the blood and the 
appropriate corrections were made for the ascorbic acid 
content of the blood or plasma. 

Two in-patients, W. (a male) and J. (a female) and one 
of us, V., were employed. No attempt at any kind of 
selection was made except that the third subject was 
chosen to give a range of initial plasma ascorbic acid values 
of 0-08, 0-26, 0-80 mg./100 ml. 

A daily dose of 700 mg. of ascorbic acid for each 140 Ib. 
of body weight was given as nearly as possible in two equal 
portions, one at the commencement of each 24 hr. collection 
of urine, the other approximately 12 hr. later. The dose 
was continued even when a ‘state of saturation’ had been 
reached. Blood samples were taken either at the end of 
the 24 hr. period, before the first dose of the subsequent 
24 hr., or if no dose was given, at least 3 hr. after taking 
food. Blood samples in which the concentration of ascorbic 
acid was required were drawn into tubes containing 
0-1 ml. of 20% potassium oxalate solution and 0-05 ml. of 
5% KCN. The investigation was continued in subjects 
J. and V. after the administration of synthetic ascorbic 
acid had ceased for 3 and 7 days respectively. 


Table 1. Concentration of ascorbic acid and glutathione in the blood during and 
; after an extended ascorbic acid saturation test 


Ascorbic acid 
(mg./100 ml.) in 


Ascorbic 
acid 
given 
orally 
mg./day 


Whole 
blood 


Blood 
plasma 


Whole 
blood 


Reduced glutathione 
(mg./100 ml.) in 


Oxidized Millimoles of 
glutathione 
(mg./100 ml.) in Reduced 

—— gluta- 
thione in 


red cells 


Ascorbic 
+ acid in 
blood 
plasma 
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RESULTS 


The data (Table 1) show: (1) In all three examples 
the maximum ascorbic acid level is associated with 
a decreased concentration of glutathione in the red 
blood corpuscles, viz. 18, 24, 26% of the initial 
values in W., J., and V. respectively. (2) The 
plasma ascorbic acid content rises when the reduced 
glutathione in the red cells falls. Statistical analysis 
of the data by Mr H. T. Russell of the London 
School of Hygiene and Tropical Medicine showed 
that the values for plasma ascorbic acid and red 
cell reduced glutathione exhibited a negative corre- 
lation which is highly significant. (3) In the subject 
V., whole blood and plasma ascorbic acid varied 
equally in response to the test dose, although many 
authors find that the passage of ascorbic acid into 
the red blood cérpuscle is slow [Borsook, Davenport, 
Jeffries & Warner, 1937]. 


DISCUSSION 


Calculations from the data obtained show that the 
ratio of the fall in glutathione in the red blood 
corpuscles to the rise of the plasma ascorbic acid is 
approximately 10 mol. to 1 (variation 8—12). 
Further, in subjects J. and V. when the plasma 
ascorbic acid fell at the termination of the ‘satura- 
tion’ experiment, the rise in glutathione was of the 
same molecular order. 

Possible relationships between ascorbic acid and 
glutathione and their interdependence as oxidation- 
reduction systems have been demonstrated by 
Hopkins & Morgan [1936] and by Crook & Hopkins 
[1938], who showed that reduced glutathione 
(GSH) prevented the oxidation of ascorbic acid 
in vitro even in the presence of its oxidase. Later 
Crook [1941], working with plant extracts, charac- 
terized a reductase which catalyzed the reduction 
of dehydro-ascorbic acid by GSH, and so was able 
to complete the system—plant substrate, dehydro- 
genase, GSH, reductase, dehydro-ascorbic acid and 
ascorbic acid oxidase—which allows the O, ulti- 
mately to bring about oxidation of the substrate. 
That dehydro-ascorbie acid is reduced in the body 
is well known [Johnson & Zilva, 1934], whilst 
Borsook et al. [1937] presented evidence that it was 
the GSH that was responsible for the reduction of 
dehydro-ascorbic acid in minced tissues. It is note- 
worthy that in order to obtain complete reduction 
a large molecular excess of GSH was required. 
Further evidence of the importance of the system 
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in the body, and a suggested role in the formation 
of bile pigments, is that put forward by Lemberg, 
Legge & Lockwood [1941], autoxidation of oxy- 
haemoglobin to choleglobin occurring in the pre- 
sence of ascorbic acid in turn reduced by GSH. 
Schultze, Harrer & King [1939] found no H, 
transfer to occur in a system consisting of nicotine 
haemochromogen, ascorbic acid, co-enzyme, and 
glucose with glucose dehydrogenase. Oxidation of 
ascorbic acid in the presence of Cu is inhibited by 
GSH [Barron, Barron & Klemperer, 1936; Mawson, 
1935]. 

The relationship of the ascorbie acid and GSH 
levels in the blood established by us is additional 
evidence for the interplay of these systems. There 
are also indications that the fall in the GSH is 
accompanied by a rise in the oxidized glutathione 
(GSSG). It is tentatively suggested that one of the 
possible reasons why scurvy takes such a long 
‘latent period’ to become manifest on a scorbutic 
diet is that in part the GSH in the tissues may tend 
to counterbalance the functional diminution conse- 
quent on the lack of ascorbic acid. The difficulty 
of ascribing a role to ascorbic acid in respiratory 
catalysis, on the grounds that tissues deficient in 
ascorbic acid fail to show decreased respiration 
[Elvehjem, 1942], may also, at least in part, be 
removed. 

Our results for the glutathione content of whole 
blood are comparable with those of Woodward & 
Fry [1932] and of Platt [1931], although the highest 
values obtained for subject J. are rather below the 
lowest normal limit given by any of these authors 
{25 and 30-7 mg./100 ml. respectively). J. showed 
some degree of anaemia (Hb 56%), but the GSH 
content of the red cells is not in excess of that of V., 
a normal subject, a result which is not in agreement 
with the findings of Platt [1931] in anaemia, nor 
with our results in subject W. (Hb 52%). 


SUMMARY 


1. The concentration of glutathione in the red 
blood corpuscles of the human being varies inversely 
with that of the plasma ascorbic acid. Calculations 
show that the molecular change is approximately 
10 to 1. 

2. A possible role of glutathione in the long 
‘latent period’ for scurvy is suggested. 


We are indebted to Mr H. T. Russell of the London 
School of Hygiene and Tropical Medicine for help with the 
statistical analysis. 
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‘Essential’ amino-acids share with vitamins the 
property that they cannot be synthesized in the 
mammalian body and have therefore to be supplied 
in the diet. They differ from vitamins, however, in 
several other respects. Whilst vitamins are present 
only in small quantities in the tissues, amino-acids 
combined in proteins form a large part of the total 
mass of the body. The quantitative requirements 
for essential amino-acids are therefore considerably 
greater than those for vitamins. On the other hand, 
the body has a great store of amino-acids in its 
proteins, and the deleterious effects of a dietary 
deficiency of a particular essential amino-acid will 
therefore generally be less sudden and less marked, 
at least in the adult animal, than those of most 
vitamin deficiencies. 

The clinical picture of a particular amino-acid 
deficiency will greatly depend on the biological 
function of the amino-acid concerned. If an amino- 
acid is needed only as building material for the 
synthesis of protein, a lack of that amino-acid in 
the diet will result only in an inhibition of protein 
synthesis and the effect will be more marked in the 
young animal than in the adult. The severity of the 
symptoms will depend on the quantitative require- 
ments of the body relative to its stores of that 
amino-acid, and also on the extent of irrever- 
sible oxidation which occurs during the constant 
breaking-down and building-up of proteins in the 
mammalian body [Schoenheimer & Rittenberg, 
1940]. This loss, which corresponds to the wear and 
tear quota of Rubner, may vary considerably for 
different amino-acids, and the effects of deficiencies 
on weight and nitrogen equilibrium may vary 
accordingly. 
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Some amino-acids, however, 


are apparently 
needed not only for the synthesis of proteins, but 


also for some specific metabolic purpose. For 
example, methionine acts as a donor of methyl 
groups and its absence from the diet produces 
specific symptoms peculiar to this amino-acid. 
Again, valine deficiency produces characteristic 
nervous symptoms [Rose & Eppstein, 1939] which 
suggest a special metabolic role for that amino-acid 
in the central nervous system. The deficiency or 
lack of such amino-acids will produce a clinical 
picture peculiar to the amino-acid concerned and 
will be superimposed on the general picture of de- 
ficiency common to all essential amino-acids which 
may be called a ‘structural’ deficiency. 

This paper is concerned with lysine deficiency. 
Lysine was shown to be indispensable for the 
growth of young animals by Osborne & Mendel 
[1914; 1916], who also showed that animals could 
be kept alive for long periods and at fairly constant 
weight on diets containing very small amounts of 
lysine. Lack of lysine in young animals produces 
no specific symptoms apart from cessation of 
growth, and it has been claimed that it is not 
essential for maintenance in adults [Burroughs, 
Burroughs & Mitchell, 1940]. 

The animal kept at a constant weight by the 
lysine-deficient diet is, however, not static as re- 
gards the development of individual tissues and 
organs. Its body and tail lengths increase and so 
do the leg bones [Winters, Smith & Mendel, 1927], 
and many organs such as the kidneys and the eyes 
increase in weight, whilst others, like muscle, de- 
crease [Lafon, 1939]. Male genital organs are not 
affected by lysine deficiency, but in females the 
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oestrous cycle is suspended [Pearson, 1937], and 
lactation is more affected than gestation [Hart, 
Nelson & Pitz, 1918; Fowler, Morris & Wright, 
1934; Lafon, 1939]. It can be inferred from the 
absence of specific symptoms that lysine is required 
purely as passive material for the synthesis of pro- 
teins. This paper contains a description of the 
changes in the formed elements of the blood and 
in the blood proteins, and also of the changes in 
the processes of ossification, caused by a deficiency 
of lysine in the diet. 


EXPERIMENTAL 


Diets. The experimental animals, piebald rats of the 
laboratory stock (mostly males), were put on the diets 
soon after weaning and littermates were used as controls 
in each group. The main basal diet (diet A), which was 
given ad lib., was as follows: gliadin 18%, arachis oil 10%, 
lard 5%, cod-liver oil 1%, salt mixture (McCollum) 5%, 
corn starch 61%. Basal diet B was identical with diet A 
except that gliadin was replaced by the same amount of 
zein, and a supplement of 10 mg. of l-tryptophan was 
always given daily. The water-soluble vitamins were given 
as a separate supplement in the following daily doses: 
aneurin 30yg., pyridoxin 30yg., riboflavin 50ug., calcium- 
d-pantothenate 100yg., nicotinic acid 1 mg., inositol 1 mg. 
and choline chloride 3 mg. The animals also received a 
daily dose of 0-5 ml. of a purified aqueous acetone extract 
of whole liver, of which 1 ml. corresponds to 4 g. fresh liver. 
This liver extract, which contained 11 mg. N/ml., gave a 
positive ninhydrin reaction and must be presumed to con- 
tain amino-acids. 

The amino-acid supplements were fed with the vita- 
mins. Adding the amino-acids to the basal diets did not 
affect the results. Lysine was given in the control experi- 
ments in the form of /-lysine hydrochloride, 40 mg./day. 


RESULTS 
Increase of total body weight 


Table 1 shows that if young rats are reared on a 
diet in which practically all the N is derived from 
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gliadin or zein, they stop growing and their body 
weight remains constant for long periods, con- 
firming the old observations of Osborne & Mendel 
[1912, 1914]. Such a diet is by no means devoid of 
lysine. Osborne, van Slyke, Leavensworth & Vino- 
grad [1915] isolated lysine from a gliadin hydro- 
lysate and, after correcting for solubilities, arrived 
at a value of 0-64% for the lysine in gliadin. The 
indirect van Slyke distribution method indicates 
an even higher value and the lysine content can be 
tentatively put at about 0-9%. The liver concen- 
trate included in our diet may also contain traces 
of lysine and the total daily intake of lysine on 
basal diet A may be as much as 10 mg. 

Zein is believed to be completely free from lysine 
[Vickery, 1938] on the other hand, and basal diet B 
will contain only traces of lysine, from the liver 
extract and possibly from nitrogenous impurities 
in the starch. Since the results obtained with the 
gliadin and zein diets were almost identical, it can 
be concluded that the small amount of lysine in 
gliadin does not greatly affect the deficiency symp- 
toms, at least in young rats. 

If the basal diets are supplemented with suffi- 
cient lysine, growth occurs at a suboptimal rate 
(Table 1). We have found, in agreement with other 
workers, that an addition of 40 mg. lysine hydro- 
chloride daily is sufficient to produce a maximal 
growth response with a gliadin diet. The increase 
in body weight, which varied from about 7-14 g./ 
week (Table 1), is only about 40 % of that produced 
by feeding a good protein, such as casein, at the 
same level. It appeared likely that gliadin might 
also be deficient in some other indispensable amino- 
acid. Rose [1938] found gliadin to be a poor source 
of threonine, and the value of 2-92% found by 
Winnick [1942] for the threonine content of gliadin 
is smaller than the values reported for other pro- 
teins such as casein or fibrin. An addition of 50 mg. 


Table 1. Total body weights of young rats receiving basal diets with or without added lysine 


Lysine 
Duration hydrochloride Wt. (g.) 
Litter of exp. Basal added daily 
no. Rat (weeks) diet (mg.) Initial Final Increase/week 

5 13 6 A 0 33 32 -—0-17 
14 6 A 0 30 29 -0-17 
15 6 A 0 31 29 — 0-33 

17 6 A 40 32 83 +85 

18 6 A 40 31 90 +9°8 
6 1 - A 0 32 33 +0-14 
2 7 A 0 30 33 +0-43 
3 7 A 0 30 29 —0-14 

4 7 A 40 28 71 +6-2 

5 7 A 40 30 73 +6-2 
8 30 5 B 0 31 30 — 0-20 
31 5 B 0 31 30 — 0-20 
32 5 B 0 33 33 0-00 
33 5 B 40 32 67 + 7-00 
34 5 B 40 32 69 +7-40 
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dl-threonine daily to a gliadin diet supplemented 
with lysine produced, however, no improved growth 
response. Likewise, addition of /-histidine, in which 
gliadin is also poor, did not affect the growth of the 
rats, nor was any improvement effected by addition 
of isoleucine or cystine to the diet. The suboptimal 
growth produced by supplemented gliadin diets is 
not readily explained by the amino-acid composi- 
tion of this protem and must remain an open 
question at the moment. A similar lack of success 
in supplementing zein by different amino-acids has 
been recently reported by Borchers, Totter & Berg 
[1942]. 

If animals on the basal diet are compared with 
animals reared on a diet to which an optimal 
amount of lysine has been added, we observe in 
fact the differences produced by a diet low in lysine 
and a diet which contains sufficient lysine but is 
still, for an unexplained reason, incapable of pro- 
ducing optimal growth. Nevertheless, it appears 
reasonable to ascribe the differences observed be- 
tween the animals reared on the basal diet and the 
controls to the insufficient quantity of lysine in the 


basal diet. 
Red cells and haemoglobin 


New-born rats have about 2-5-3-5 million red 
cells/cu.mm. and about 10 g. haemoglobin/100 ml. 
blood. At the age of 3—4 weeks, i.e. immediately 
after weaning, we find in our stock average values 
of 4,700,000 and 10-3g. Hb respectively. On a 
casein diet containing all the vitamins these values 
rise during the following 2 months to about 
8,000,000 red cells and 14 g. Hb. The changes which 
occur on a gliadin diet and a diet supplemented 
with lysine are shown in Table 2. All the figures 
are average values obtained from 10 to 12 rats in 
each group; the animals were about 3 weeks old at 
the beginning of the experiment. In the earlier 
experiments haemoglobin was estimated by the 
method of Herbert [1941], but in the later experi- 
ments we used the more accurate method of 


Rimington [1942]. 


Table 2. Increase in number of red cells and haemo- 
globin in normal and lysine-deficient animals 





Red cells Hb 
(millions/ml.) (g./100 ml.) 
No. of nN r NW \ 
weeks Lysine- Lysine- 
on diet Normal deficient Normal deficient 
0 4-80+0-4 4-80+0-4 10-2 +05 10-2 +0-5 
2 5-90+0-4 5-35+0-5 11-0 +05 10-35+0-6 
3 7-1 +06 6-02+0-4 12-5 +05 10-2 +0-4 
5 7-2 +05 6-24+0-°5 12-5 +04 108 +06 
7 7-4 104 6-21+40-°5 12-55+0-4 10-9 +0-6 


Table 2 shows that with a gliadin diet supple- 
mented with lysine the rise of the cell count and of 
the haemoglobin content is almost normal. The 
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values may be slightly lower than on a casein diet, 
but our data were not sufficiently numerous to 
establish this point with certainty. In the lysine- 
deficient animals both haemoglobin and red cells 
rise more slowly and the final values are lower by 
about 15-20% than in the controls. This increase 
indieates that, although the total weight of the 
animals remains constant, the haematopoietic 
system continues to develop. The differences found 
between the lysine-deficient animals and the con- 
trols ean hardly be interpreted in the sense that 
lysine deficiency produces an anaemia, but it may 
be inferred that the rate of development of the 
haematopoietic system is somewhat reduced by the 
lysine deficiency. 

The effect of lysine deficiency on red cells is of 
particular interest in connexion with the anaemia 
produced by deaminized casein [Hogan & Ritchie, 
1934], which can be cured by feeding relatively 
large quantities of lysine [Hogan, Powell & Guer- 
rant, 1941]. Deamination destroys the terminal- 
NH, group of lysine and the resulting hydroxy or 
unsaturated compound is almost certainly unable 
to replace lysine in the diet. It appears, however, 
from the results reported here that the destruction 
of lysine in itself cannot account for the anaemia 
observed by Hogan. It must be assumed, in agree- 
ment with the conclusions reached by Hogan and 
his co-workers, that the treatment with nitrous acid 
produces a toxic substance either derived from 
lysine or from another amino-acid and that the 
curative effect of lysine is due to a specific de- 
toxicating action of that amino-acid on the un- 
known toxic substances. 

The conclusion that lysine deficiency does not 
cause anaemia is also supported by the results of 
Péarson, Elvehjem & Hart [1937], who found that 
recovery from nutritional anaemia produced by a 
milk diet is not greatly influenced by the quality 
of the protein in the diet during the recovery period. 
We have repeated their experiments with our 
gliadin and zein diets on three litters and have 
obtained results very similar to those of the 
American workers. It appears, therefore, that the 
relatively large amounts of lysine required for the 
formation of haemoglobin are taken from other 
tissues, if no dietary lysine is available. 


Plasma proteins 


At the end of the experimental periods the 
animals were killed and the blood was collected in 
vessels containing Na oxalate. There were no gross 
pathological changes in the experimental animals 
apart from a considerable wasting of muscular 
tissue in the lysine-deficient rats. 

Plasma protein was estimated by multiplying the 
total N of plasma, as determined by the Kjeldahl 
method, by 6-25. In some cases the non-protein 
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nitrogen was estimated separately and deducted 
from the total N. This correction amounted to 
about 5-7% of the total N; since the amount of 
plasma obtained was small, the determination of 
non-protein N was omitted in most éxperiments 
and a value of 35mg. N/100 ml. plasma was de- 
ducted from the total N to give protein N. Table 3 


Table 3. Plasma protein concentration in normal 
and lysine-deficient animals 


No. of Plasma protein 

Litter animals (g-/100 ml.) 
1 Normal 2 5-5, 6-35 

Deficient 3 4-0, 4-3, 4-2 

2 Normal 3 5-6, 4-95, 5-2 

Deficient 3 4-2, 4-2, 4-1 

3 Normal 3 5-8, 5-6, 5-7 

Deficient 3 4-0, 4-2, 4-2 

4 Normal 3 5-5, 5-9, 6-1 

Deficient 3 4-0, 3-9, 43 


gives the results obtained with lysine-deficient and 
normal animals. Plasma protein values are con- 
siderably lower in the deficient animals; the first 
three litters had been reared on gliadin diets and 
the average plasma-protein value in the deficient 
animals is 4% compared with one of 5-5 % in the 
controls. In litter 4, which had been on a zein diet, 
the plasma-protein values seem to be even lower. 
In two litters the albumin/globulin ratio was deter- 
mined by the method of Howe [1921]. There was 
no significant difference between the lysine-deficient 
rats and the controls; in both groups the albumin/ 
globulin ratio varied between 1-7 and 2-1. 


Growth and ossification 


The methods available for the assessment and 
comparison of rates of growth in animals, apart 
from mere weighing and measuring of bodily dimen- 
sions, depend on radiographic and _ histological 
studies. The former have the advantage that radio- 
graphs can be taken at any desired intervals during 
the course of the experiment; the latter have the 
disadvantage that they involve the sacrifice of the 
animal. The radiographic method gives a good idea 
not only of the rate of growth in the spine, tail, 
skulland long bones, but, with adequate ‘soft tissue’ 
technique, yields information about the bulk of the 
subcutaneous fat and muscular tissue. The histo- 
logical method consists in recording the number of 
mitotic figures in the growing tissue or organ. In 
the case of the long bones, the actual number of 
cells in the columns of the zone of proliferating 
cartilage and the zone of calcifying cartilage in the 
epiphysial region may be counted. This method 
gives information not only of the rate of prolifera- 
tion in a given type of cell, but also of the rate of 
differentiation such as occurs in osteogenesis and 
in the formation of bone marrow. 
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A comparison of the radiographs of the control 
and lysine-deficient rats at the age of 6 weeks, after 
3 weeks on the diets, shows the great difference. in 
bodily dimensions (Fig. 1, a, b). The normal animal 
is well covered with subcutaneous fat and muscle 
as compared with the starveling. The width of the 
epiphysial cartilage at the upper end of the tibia 
in the normal rat is approximately 1 mm., but that 
in the lysine-deficient rat is barely visible as a thin 
line, indicating that union of the epiphysis with the 
shaft is about to take place. The patella in the 
normal animal is a mass of bone nearly 3 by 1 mm., 
in the other it is a mere dot measuring less than 
1 sq. mm. The caudal vertebrae in the lysine- 
deficient rat are smaller in all dimensions and the 
epiphysial plates are separated from the body of 
the vertebra by a narrower zone of epiphysial 
growth cartilage. The degree of calcification in all 
the bones is generally reduced as compared with 
the normal. 

Two rats, one normal, the other lysine-deficient, 
aged 9 weeks, were killed after 6 weeks of feeding. 
Certain organs, including the wrist joint, knee joint 
and testes, were fixed in Allen’s modification of 
Bouin’s fluid at 38°, with a view to studying the 
minute anatomy of the epiphysial growth cartilage 
and the mitotic count of the testes. Sections were 
cut in paraffin and stained with haematoxylin and 
eosin. 

The microscopic sections of the distal end of the 
radius (Fig. 2 a, b) show that in the normal rat the 
first zone of proliferating cartilage averages about 
15 chondroblasts to the column as compared with 
about 7 in the lysine-deficient rat. The second zone 
of calcified cartilage averages from 3 to 5 cells in 
the column, but the trabeculae of calcified matrix 
are more clearly and heavily laid down in the 
lysine-deficient rat. The third zone of actual osteo- 
genesis and bone marrow formation shows heavier 
transverse trabeculae of bone in the lysine-deficient 
rat, indicating arrest of growth. The bone marrow 
in these animals is composed largely of fat. 

‘he microscopic sections at the upper end of the 
tibia similarly show in the first zone of columns of 
proliferating cartilage about 7 cells in the normal 
and 3 cells in the lysine-deficient rat, so that the 
evidence gained is definitely in favour of a marked 
arrest of growth in the lysine-deficient animal. In 
the case of the testes, the volume in the lysine- 
deficient animal was approximately 75% of the 
normal and the number of mitotic figures in the 
tubules about 66%. 

It is clear from the comparison of the radiographs 
of the lysine-deficient rat at 3 weeks and 9 weeks of 
age, after 6 weeks of deficient feeding, that the 
internal economy of the animal has altered pro- 
foundly. Although the weight has remained con- 
stant, it is no longer the same animal. The subcu- 
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taneous fat has decreased, the muscles have wasted, 
the long bones have grown by about 20 % in length, 
but diminished in girth. The caudal vertebrae have 
increased by about 60% in length but their dia- 
meter has slightly diminished. 


DISCUSSION 


The most striking effect of the deficient diet which 
contains only small amounts of lysine is complete 
cessation of growth without any loss of weight. It 
is possible that complete absence of lysine might 
result in a decrease of body weight. 

Following the experimental technique of W. C. 
Rose and others, food was given ad libitum; the 
food intake of the deficient animals steadily dimin- 
ished during the experiment and averaged during 
the last weeks only about 60-70% of that of the 
controls. It may be argued, therefore, that the 
results observed are mainly due to the reduced 
calorie intake. The case for and against paired 
feeding, which eliminates differences caused by 
variations of food intake, has been reviewed at 
some length by Brody [1935]. It is certain, how- 
ever, that the diminished appetite is the result of 
the deficiency of the diet and generally follows the 
failure of growth, as first observed by Hopkins 
[1912]. The diminished food intake is therefore 
indicative of a deficiency in the diet and it is 
immaterial for our purpose, i.e. the description of 
the symptoms of lysine deficiency, whether the 
effect is wholly direct or is largely caused by re- 
duced intake of food, which in itself is due to the 
deficiency in lysine. 

The constancy of weight in the deficient animals 
represents the sum total of chamges in continuous 
operation. Certain organs such as the eye and 
kidney continue to grow at the expense of others 
[Lafon, 1939]. The long bones grow in length and 
the number of red cells/unit volume of blood in- 
crease. Whether the total number of red cells in 
the body and the total amount of haemoglobin 
change is impossible to say without measuring the 
blood volume. But growth, even where it occurs, 
is considerably retarded. This is shown very clearly 
by the histological analysis of the epiphysial bone 
and the reduced number of mitotic figures in the 
testes. Some tissues, such as muscle, lose weight, 
and it appears likely that the total protein of the 
body decreases slowly. A disturbance of protein 
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metabolism is also indicated by the low serum pro- 
tein values, which are reduced to oedema level. 
Protein appears to be transferred from some organs 
to others according to a definite system of priorities. 
The constancy of body weight shows that this 
transfer is done very economically, at least in lysine 
deficiency, with only a small loss of lysine through 
irreversible oxidation. The whole picture, which can 
best be interpreted as an inhibition of protein 
formation, is not unlike that produced by ordinary 
starvation, i.e. by reducing total-intake of food 
[Jackson, 1908; 1932]. It is noteworthy, but not 
unexpected, that lack of one essential building 
material in the diet produces essentially the same 
symptoms as general underfeeding. 


SUMMARY 


1. A diet containing only small amounts of 
lysine produces, in young rats, cessation of growth 
and hypoproteinaemia. The number of red cells 
and the amount of haemoglobin/unit volume of 
blood are slightly lower than in the control animals 
which receive a diet supplemented with lysine and 
are growing. These low values are interpreted as in- 
dicating not so much an anaemia proper as a re- 
tarded development of the haematopoietic system. 

2. Radiological examination shows a consider- 
able decrease of subcutaneous fat, waste of muscle 
and reduction of calcification in the bones. The 
epiphysial cartilage in the long bones is barely 
visible and histological examination reveals a con- 
siderable reduction in the number of chondroblasts 
in the first zone of proliferating cartilage. In the 
zone of calcified cartilage the trabeculae of calcified 
matrix are heavier in the deficient animals than in 
the controls. Mitotic figures in the testes are re- 
duced as compared with normal animals. 

3. The changes observed are assumed to be due 
to a general inhibition of protein formation. This 
leads to a reduced growth of some organs which 
develop at the expense of others and protein is 
transferred according to a fixed system of growth 
priorities. The sum total of these changes is con- 
stant body weight. The similarity of this picture 
to that produced by starvation is discussed. 


One of us (A. N.) wishes to thank the Medical Research 
Council for a personal grant, and the other (F. S.) St John’s 
College, Cambridge, for a Hutchinson Studentship. 
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Fig. 2. Microscopic section of the distal end of the radius (a) of the normal, (6) of the deficient animal. 
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The Mechanism of Coprosterol Formation in vivo 
1. CHOLESTENONE AS AN INTERMEDIATE 


By O. ROSENHEIM anv T. A. WEBSTER, National Institute for Medical Research, 
Hampstead, London, N.W. 3 


(Received 27 July 1943) 


In view of the inherent improbability that the 
organism is able to convert cholesterol by direct 
hydrogenation into its cis-decalin derivative copro- 
sterol, it has been suggested that the reaction pro- 
ceeds in two stages [Rosenheim & Starling, 1933]. 
According to this view cholestenone, the inter- 
mediate oxidation product of cholesterol, is subse- 
quently reduced in the intestine to coprosterol and 
partly to epi-coprosterol. 

Although feeding experiments with cholestenone 
have since provided considerable experimental evi- 
dence for the correctness of this view [Rosenheim 
& Webster, 1935; Schoenheimer, Rittenberg & 
Graff, 1935; Rosenheim & Starling, 1937; Anchel 
& Schoenheimer, 1938], the final proof of the occur- 
rence of cholestenone itself in the animal organism 
or in its excreta was still lacking. The difficulties 
of isolating such small amounts of cholestenone 
as escape complete reduction from the faeces of 
animals kept on an ordinary mixed diet, which is 
poor in cholesterol, are obvious. In our search for 
cholestenone we have, therefore, made use of the 
fact that brain contains a substance, the adminis- 
tration of which enables the organism to convert 
large amounts of cholesterol into coprosterol [Rosen- 
heim & Webster, 1941]. By employing Girard and 
Sandulesco’s ketone reagent, we have, under such 
conditions, been able to isolate cholestenone from 
the faeces of a dog and of rats fed on brain, and to 
characterize it both chemically and physically. 

The isolation of cholestenone from faeces after 
feeding on brain necessitated a search for its possible 
occurrence in brain itself. The ultra-violet absorp- 
tion spectra of cholesterol fractions obtained from 
various organs had been examined by Page & 
Menschick [1930 a, 6; 1931], who were unable to 
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find the characteristic absorption band of chole- 
stenone at 2400A, in cholesterol prepared from 
normal brain. Their results do not, however, exclude 
the presence of traces of cholestenone which would 
have been removed by the solvents used in the 
preparation of the various cholesterol fractions. 
We therefore subjected brain to the treatment 
which led to the isolation of cholestenone from 
faeces. Although we obtained evidence that traces 
of a substance absorbing at 2380 A occur in brain, 
we were unable to characterize it as cholestenone. 
In view of its small amount, the possibility that 
this unidentified substance may be the source of 
the relatively large amount of cholestenone isolated 
from faeces after the administration of brain must 
be considered as remote. 
Whilst this work was in progress, Marker, Witt- 
becker, Wagner & Turner [1942] succeeded in iso- 
lating epi-coprosterol from the faeces of a dog on 
a normal diet, thus bringing further support to the 
view that cholestenone is an intermediate in the 
formation of coprosterol in the organism. 


EXPERIMENTAL 


Cholestenone from rats’ faeces. Rats of our Institute strain 
of Wistar rats and of the average weight of 200g. were 
used. Six rats were kept on a diet of steamed sheep’s brain 
and bone meal for 4 days, each rat consuming ca. 30 g./day 
of the diet. The housing of the animals, the preparation 
of the diet and the collection of the faeces have been 
described previously [Rosenheim & Webster, 1941]. 

The faeces of the last 3 days (140 g. moist) were collected, 
dried in vacuo over conc. H,SO, and exhaustively extracted 
with ether in a Soxhlet. The lipids (23-5 g.) yielded on 
saponification 15-2 g. of unsaponifiable matter, which was 
dried in a high vacuum. 14 g. of the unsaponifiable fraction 
in acetic acid-ethanol solution were treated with 5 g. of the 
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‘T’ reagent of Girard & Sandulesco [1936]. The ketonic 
fraction, a yellowish oil weighing 0-4596 g., was dissolved 
in 25 ml. ethanol and its ultra-violet absorption examined. 
The absorption curve plotted from a 1:1000 dilution showed 
the characteristic absorption band of cholestenone with a 
well-defined maximum at 2400 A, the intensity. of which, 
on comparison with a standard curve, indicated 0-144 g. 
cholestenone. The ketonic fraction, therefore, contained 
31% and the unsaponifiable matter 1% cholestenone. In 
several similar experiments spectroscopic examination of 
the unsaponifiable fractions indicated variations of from 
1 to 1-9% cholestenone. 

The identity of the absorbing substance with chole- 
stenone was established by the preparation of its well- 
crystallized o-tolylsemicarbazone [Rosenheim & Starling, 
1937]. The solution of the ketonic fraction was mixed with 
a solution of 200 mg. of o-tolylsemicarbazide in ethanol 
containing 5 drops of acetic acid. After 24 hr. the semi- 
earbazone had separated in hard, slightly yellowish aggre- 
gates of needles, weighing 0-2054g., m.p. 238-239°, 
corresponding to 0-148 g. cholestenone. The m.p. rose to 
240-241° after one recrystallization from butanol. A further 
recrystallization from dioxan gave colourless clusters of 
needles of cholestenone-o-tolylsemicarbazone, m.p. 242- 
243°, not depressed in admixture with an authentic speci- 
men. Found: N, 7-9%. Cale. for C,,H;,0N;: N, 8-0%. 

Cholestenone from dogs’ faeces. Our previous failure to 
induce coprosterol excretion in dogs fed on raw brain, 
whilst a diet of cooked brain, given to rats, raised the 
excretion of coprosterol to 80% of the faecal sterols 
[Rosenheim & Webster, 1941], led us to repeat the experi- 
ment with dogs fed on cooked, instead of on raw, brain. 
A male Airedale terrier, weighing 16 kg., under the care 
of our colleague, Dr G. L. Brown, received steamed sheep’s 
brain mixed with 4% bone meal as his sole food for 4 days, 
and consumed ca. 350g. brain/day. The faeces (310 g. 
moist) of the last 3 days, dried in vacuo and extracted with 
ether, yielded on saponification of the ether residue 25-2 g. 
of unsaponifiable matter as a semi-crystalline mass. On 
analysis by the gravimetric digitonin method, it was found 
to contain’ 16-4 g. sterols, of which 80-5% consisted of 
coprosterol. The cause of the strikingly different results 
obtained on feeding raw and cooked brain remains un- 
explained. 

A solution of 20g. of the unsaponifiable fraction was 
treated with the Girard-Sandulesco reagent as above de- 
scribed and yielded 0-810 g. of a ketonic fraction. The 
ultra-violet absorption curve of the latter in alcoholic solu- 
tion showed a sharply defined maximum at 2400 A, indi- 
cating 0-203 g. cholestenone on comparison with a standard 
curve. The cholestenone content of the unsaponifiable 
fraction was, therefore, 1% and of the same order as in 
the case of the rats. The o-tolylsemicarbazone was prepared 
by the method above described and crystallized in colour- 
less needles, m.p. 242-243°. Found: N, 8-2%. Cale. for 
C,,H,,ON,: N, 8-0%. 
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Coprosterol from dogs’ faeces. The non-ketonic fraction 
yielded 9-6 g. coprosterol, m.p. 98-100° on a single re- 
crystallization from acetone-methanol solution. Copro- 
sterol may be conveniently prepared directly from the 
faeces of dogs fed on cooked brain by mixing them with 
anhyd. CaSO, and extracting the dry product several times 
at room temperature, with acetone (cf. preparation of 
cholesterol from brain [ Rosenheim, 1906]). The extracts are 
passed through a column of norit, freed from solvent and 
the colourless residue recrystallized from a mixture of 
acetone and methanol (2:1). This procedure, which is based 
on the fact that coprosterol occurs unesterified in faeces, 
yields a cleaner product than the usual method in which 
the lipidal impurities, introduced by the saponification of 
the primary ether extracts, complicate the purification of 
coprosterol. 

Search for cholestenone in brain. 500g. of minced ox 
brain were mixed with 1500 g. anhyd. CaSO,. The hardened 
small lumps were extracted with 1200 ml. acetone at room 
temperature for 24 hr. and the extraction repeated 6 times. 
The extracts were taken to dryness in vacuo and the crystal- 
line residue saponified in ethereal solution with an ethanolic 
solution of sodium ethoxide at room temperature. The 
ethereal solution, freed from soaps, was washed with dilute 
H,SO, and H,0. The crystalline residue (11-4 g.), obtained 
after removal of ether, was dried in a high vacuum and 
treated with the Girard-Sandulesco reagent as above de- 
scribed. Only traces of an oily ketonic fraction, weighing 
28 mg., were obtained. Spectroscopic examination revealed 
a sharply defined absorption band with a maximum at 
2380 A, the intensity of which, calculated as cholestenone, 
would indicate 7 mg. The identity of the absorbing sub- 
stance with cholestenone, however, is doubtful since its 
characteristically insoluble o-tolylsemicarbazone could not 
be obtained. The suggestion, that the unidentified substance 
present in the calcified wall of the aorta and absorbing at 
the same wave-length [Page & Menschick, 1930a] may also 
occur in brain, may have to be considered. The fact that 
this substance is precipitable by digitonin [Schoenheimer, 
1932] excludes its identity with cholestenone. 


SUMMARY 


The occurrence of cholestenone, characterized by 
its ultra-violet absorption and the preparation of 
cholestenone-o-tolylsemicarbazone, in the faeces of 
the dog and of the rat, after feeding on brain, has 
been demonstrated. The view that cholestenone is 
an intermediate in the conversion of cholesterol 
into coprosterol by the animal organism thus re- 
ceives further confirmation. 


We are indebted to Mr V. H. Parker for the ultra-violet 
absorption measurements and our thanks are due to Mr 
W. W. Starling for efficient assistance. 
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The Availability of the Acetyl Derivatives of Lysine for Growth 


By A. NEUBERGER anp F. SANGER (Benn W. Levy Student), Biochemical Laboratory, Cambridge 


(Received 12 June 1943) 


The biological behaviour of the amino-acid lysine 
is abnormal in several respects. In a number of 
experiments with isotopic nitrogen and hydrogen 
Schoenheimer and his collaborators [Foster, Schoen- 
heimer & Rittenberg, 1939; Schoenheimer, Ratner 
& Rittenberg, 1939 a, b; Weissman & Schoenheimer, 
1941] have shown that, unlike most amino-acids, 
lysine does not accept N from other nitrogenous 
compounds, nor could deuterium be introduced 
metabolically into this molecule. It appears that 
even the first stages of lysine metabolism are irre- 
versible. Until now no substances other than 
l-lysine have been found that will support the 
growth of young rats on a lysine-deficient diet. 
Berg [1936] has shown that d-lysine, which does 
not occur in nature, cannot replace the natural 
l-isomer. The «-hydroxy analogue of lysine is equally 
ineffective [MceGinty, Lewis & Marvel, 1924]. All 
other «-hydroxy analogues of essential amino-acids 
that have been studied, with the exception of that 
of cystine, can replace the corresponding amino-acid 
in the diet. Gordon [1939] has shown that neither 
a-dimethyl lysine nor «-monomethyl lysine will 
support growth on lysine-deficient diets. Neither of 
the mono-acetyl derivatives of lysine has previously 
been synthesized, and it was thought it would be 
of interest to see if they can be converted to lysine 
in the body. 

Acetyl amino-acids are of especial interest in con- 
nexion with the theory of Knoop [1910], which 
assumes that they may be intermediates in the 
synthesis of amino-acids from «-keto acids. du 
Vigneaud, Cohn, Brown, Irish, Schoenheimer & 
Rittenberg [1939] have recently revived this theory 
and produced additional evidence in support of it. 

The deacetylation of «-acetyl-amino-acids ap- 
pears to be a fairly general reaction in the body. 
The «-N-acetyl derivatives of l-tryptophan [du 
Vigneaud, Sealock & van Etten, 1932], and dl- 
phenylalanine [Carter, Handler, Binkley, Fishback, 
Risser & Weisiger, 1938], have been shown to re- 
place the respective amino-acid in the diet and 
du Vigneaud, Loring & Craft [1934] have shown 
that diacetyl- and diformyl-cystine are converted 
to cystine in the body. Similarly acetyl-l-homo- 
cystine [du Vigneaud, Dyer & Jones, 1937] and 
formyl-l-methionine [Jackson & Block, 1933] can 
replace methionine in the diet. The results of 
Kimura [1929] also suggest the presence, in most 


organs, of an enzyme capable of deacetylating 
amino-acids. It thus seemed likely that the «-acetyl 
lysine, at least, would be converted to lysine in the 
body ; however, here again, it was found that lysine 
behaves differently from other amino-acids. 


METHODS 
Chemical 


Preparation of acetyl lysines. For the synthesis of the 
a- and e-acetyl derivatives of lysine, use was made of the 
fact that in the copper complex of lysine the «-NH, and 
the COOH groups are bound in a stable chelate structure 
to Cu, whereas the e-NH, group is free and can react with 
acylating reagents [Kurtz, 1938]. «-acetyl lysine was pre- 
pared by direct acetylation of the Cu complex. «-acetyl 
lysine was prepared through «-carbobenzoxy lysine. The 
latter had already been prepared by Bergmann, Zervas & 
Ross [1935]. It can, however, be much more conveniently 
prepared in about the same yield by treating the Cu 
complex with carbobenzoxy chloride. The product is quite 
insoluble, and after treatment with H,S, e-carbobenzoxy 
lysine can be isolated. This is acetylated in the « position, 
and the carbobenzoxy group removed by catalytic hydro- 
genation. 

(a) «-N-acetyl-l-lysine. Excess (basic) CuCO, was added 
gradually to a boiling solution of /-lysine sulphate (1-9 g.). 
After cooling, the solution was filtered. 1 equiv. of Ba(OH), 
(1-7 g.) was then added, and the solution cooled, in ice. 
Then acetic anhydride (1-2 g.) and Ba(OH), (2-2 g:) were 
added in portions over 30 min. with shaking and cooling. 
After standing for 30 min. at room temperature, 0-34 ml. 
(0-63 g.) H,SO, was added, and H,S passed through the 
solution. The BaSO, and CuS were filtered off, and well 
washed by resuspending in boiling H,O. The filtrate and 
washings were combined and concentrated to about 20 ml. 
and excess of Ba++ or SO,= removed. The sclution was 
evaporated to dryness, the residue dissolved in a minimum 
of hot H,O and absolute ethanol added till there was a 
faint cloud. On cooling, the acetyl lysine crystallized in the 
form of flat plates. It was filtered off and washed with 
aqueous ethanol, absolute ethanol and ether. Yield 0-6 g. 
Another 0-4 g. could be obtained by working up the mother 
liquors, making a total yield of 1-0g. or 55% of the 
theoretical value. (m.p. 249-253° (decomp.). («)p=3-4° 
+0-2 (c=4-0). Found: C, 50-9; H, 8-7; N, 146%. Cale. 
for C,H,,O,N,: C, 51-0; H, 8-5; N, 14:9%. Amino N (van 
Slyke): found: 7-48. Cale.: 7-45%.) 

It formed an insoluble derivative with phosphotungstic 
acid, but no insoluble picrate. 

(b) «-N-carbobenzoxy-l-lysine. 1-8 g. l-lysine monohydro- 
chloride was treated with excess CuCO, as above. 5 ml. 2N 
NaOH was added, and the dark blue solution cooled in ice. 
Carbobenzoxy chloride (2 ml.) and 2N NaOH (10 ml.) were 
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added in ten portions over 30 min. with shaking and 
cooling, care being taken not to allow the solution to 
become too alkaline. The Cu complex, which separated as 
a blue precipitate leaving a colourless solution, was filtered 
off and washed well with H,O and ethanol. It was sus- 
pended in 200 ml. of H,O, and H,S passed in with me- 
chanical shaking. The solution was then brought to the 
boil and filtered hot. On cooling, the e-carbobenzoxy lysine 
crystallized in fine needles. After standing in the refri- 
gerator overnight it was filtered off; a little more could be 
obtained by evaporating the mother liquors to a small 
volume. Yield was 80% of the theoretical. A sample 
recrystallized from H,O showed (x) =14-4° (c =1-6) in two 
equivalents of HCl. This agrees with the value 14-0° found 
by Bergmann e¢ al. [1935]. 

(c) ¢-N-carbobenzoxy-a-N-acetyl-l-lysine. 2-2 g. «-N-car- 
bobenzoxy /-lysine were dissolved in 10 ml. N NaOH and 
cooled in ice. 1-5 ml. acetic anhydride and 20 ml. N NaOH 
were then added in ten portions over 30 min. with shaking 
and cooling. After standing at room temperature for 
20 min. the solution was neutralized with HCl, and ex- 
tracted with ether. The ether layer was discarded, and the 
aqueous layer made acid to congo red. This precipitated 
the ¢-carbobenzoxy-«-acetyl lysine as an oil, which was 
extracted with ethyl acetate. The extract was dried and 
evaporated to dryness, leaving an oil which was used 
directly for the preparation of «-acetyl lysine. To obtain 
the e-carbobenzoxy x-acetyl lysine in a crystalline form, 
the ethyl acetate solution was extracted with dilute 
NaHCO,. This was then acidified and the oil again ex- 
tracted into ethyl acetate. After drying, the ethyl acetate 
solution was evaporated to dryness, and the resulting clear 
oil crystallized on standing overnight. It could be re- 
crystallized by dissolving in ethanol and adding H,O 
gradually. The product which crystallized slowly did not 
melt sharply; m.p. 105-115°. 

(d) «-N-acetyl-l-lysine. The dry oil obtained from 2-2 g. 
e-carbobenzoxy lysine was dissolved in ethanol, and a drop 
of acetic acid and a few ml. H,O were added. It was then 
hydrogenated in the usual way. The «-acetyl lysine, which 
usually crystallized from the filtered and concentrated 
solution directly, was taken up in a small volume of H,O, 
which was then concentrated in a desiccator till it started 
to crystallize. Absolute ethanol was added to complete 
the separation. The yield of pure «-acetyl lysine was 0-8 g., 
and a further 0-1 g. was obtained by adding ether to the 
mother liquors, which made a total of 0-9 g. or 62% of 
the theoretical value from e-carbobenzoxy lysine. The 
overall yield from I-lysine was 46%. (m.p. 250° (decomp.). 
(a)p=4-7° (c=4-4). Found: C, 50-4; H, 8-6; N, 145%. 
Cale. for C,H,,0,N.: C, 51-0; H, 8-5; N, 149%.) 


Biological 


Animals. Young, recently weaned male rats of a piebald 
type were used. They weighed 30-50 g. at the beginning 
of the experiment. In each experiment three groups, each 
of two to three animals, were used, each group. being 
constituted of the littermates of the animals in the other 
two groups. One group received the basal diet alone, 


another the basal diet supplemented by pure lysine, while 
the third group was given the basal diet together with the ~ 
substance under test. The control groups were necessary 
because of the variation in growth response to the addition 
of supplements, from litter to litter. 
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Diet. The basal lysine-deficient diet, which was fed ad lib., 
was constituted as follows: 
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Starch 61% Lard 5% 
Gliadin 18 % Cod-liver oil 1% 
Arachis oil 10% Salt mixture (McCollum) 5% 


In addition, each animal received daily a mixture con- 
taining 30ug. aneurin, 30ug. pyridoxin, 50g. riboflavin, 
100yug. Ca-d-pantothenate, 1 mg. nicotinic acid, 1 mg. 
inositol, 3 mg. choline chloride, and 0-15 ml. of an aqueous 
concentrate of whole liver, corresponding to 2 g. fresh tissue. 


RESULTS 
Effect of oral administration of amino-acids 


Rats fed on the basal diet alone failed to grow, but 
if 40 mg. /-lysine monohydrochloride were added 
to the daily ration the animals grew at the rate of 
1-2 g./day, showing that lysine deficiency was the 
factor which limited growth. Addition of more than 
40 mg./day of l-lysine monohydrochloride had no 
further effect on the growth rate. 

The analytically pure acetyl lysines were fed at 
the rate of 42 mg./day, which is equivalent to a 
daily supplement of 40 mg. J-lysine monohydro- 
chloride. The rats entirely failed to grow with oral 
a-acetyl lysine (Fig. 1), whereas with lysine they 
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Fig. 1. The availability of «-N-acetyl-l-lysine for growth. 
The arrows indicate a change of diet. The weights of the 
animals at the beginning and end of each feeding period 
are shown in brackets. The diets fed to the animals were 
as follows: A, basal 18% gliadin diet; B, basal diet + 
42mg. «-N-acetyl-l-lysine/day; C, basal diet +40 mg. 
l-lysine monohydrochloride/day. 


grew about 1-5g./day. This clearly shows that 
a-acetyl lysine cannot effectively replace lysine in 
the diet. 

On the other hand, the growth rate with 42 mg. 
e-acetyl lysine was almost as great as with lysine 
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(Fig. 2), and when 84 mg. were fed, the growth was 
equal to that with lysine; thus e-acetyl lysine can 
be converted to lysine in the body to a considerable 
extent, although probably not quantitatively. 


(59) 





Days 


Fig. 2. The availability of «-N-acetyl-l-lysine for growth. 
The arrows indicate a change of diet. The weights of 
the animals at the beginning and end of each feeding 
period are shown in brackets. The diets fed to the animals 
were as follows: A, basal 18% gliadin diet; C, basal 
diet +50 mg. l-lysine monohydrochloride/day; D, basal 
diet +42 mg. «-N-acetyl-l-lysine/day; EH, basal diet + 
84 mg. e-N-acetyl-l-lysine/day. 
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Fig. 3. The effect of intraperitoneal injection of the acetyl 
lysines. The arrows indicate a change of diet. The weights 
of the animals at the beginning and end of each feeding 
period are shown in brackets. The diets were as follows: 
A, basal 18% gliadin diet; B, basal diet +42 mg. «-N- 
acetyl-l-lysine (fed)/day; B’, basal diet+21 mg. a-N- 
acetyl-l-lysine (injected twice daily) ; D, basal diet + 42mg. 
e-N-acetyl-l-lysine (fed)/day; D’, basal diet +21 mg. 
e-N-acetyl-l-lysine (injected twice daily). 


Effect of parenteral administration of amino-acids 


It appeared possible that the reason why «-acetyl 
lysine did not effectively replace lysine was its 
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failure to be absorbed from the gut. Furthermore, 
e-acetyl lysine may have been able to replace lysine 
because it was hydrolyzed to lysine by bacteria in 
the intestine. The acetyl lysines were -therefore 
injected intraperitoneally into rats, any changes 
that may take place in the gut thus being avoided. 
Conrad & Berg [1937] have shown that when lysine 
is fed in one dose each day it gives the same growth 
response as when it is fed in half the dose twice 
daily; they also showed that better results are ob- 
tained if the daily dose is given in two injections at 
12 hr. intervals. In our experiments the rats fed 
on the basal diet were given two daily injections of 
a solution containing 21mg. acetyl lysine. The 
results (Fig. 3) confirm those of the feeding experi- 
ments, and thus show that the differences then 
observed were not due to any reaction which may 
take place in the gut. 


DISCUSSION 


The feeding experiments demonstrate that for the 
young growing rat, «-acetyl lysine can replace 
l-lysine in the diet; this is presumably due to its 
conversion into lysine by deacetylation to give its 
parent amino-acid. «-Acetyl-l-lysine, however, is 
not appreciably converted. This may be due to its 
not being broken down at all. This seems unlikely 
since other «-N-acetyl-amino-acids can be meta- 
bolized very readily. A more likely explanation is 
that it is oxidized, presumably at the e-NH,, before 
deacetylation can take place, whereas with the 
e-acetyl compound deacetylation takes place more 
readily than oxidation of the «-NH,. If we assume 
that the rate of deacetylation is about the same in 
both cases, then it would appear that the «-NH, is 
more readily oxidized than the «-NH,, and this 
may be true for lysine itself, which suggests that the 
initial breakdown of lysine may take place at the 
e-NH, and not at the «-NH, group. However, it is 
probably unwise to compare the metabolism of the 
acetyl-lysines, in which one NH, is masked, with 
that of lysine itself, since the action of enzymes will 
probably be affected by the presence of additional 
free NH, groups. 

The results with «-acetyl lysine are of interest in 
connexion with the acetylation theory of Knoop 
[1910]. Since «-acetyl lysine, the assumed inter- 
mediate in lysine. synthesis, cannot be converted 
into lysine, this would explain the fact that lysine 
cannot be synthesized in the body from the corre- 
sponding hydroxy or keto-acid, and that N® 
cannot enter the «-NH, of lysine. However, 
it was not suggested by Knoop, and it seems 
unlikely, that acetylation combined with reduc- 
tive amination is the only method of amino-acid 
synthesis; but our results do seem to lend support 
to the theory. 
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SUMMARY 


1. Methods are described for the synthesis of 
e-carbobenzoxy lysine, «a-N-acetyl lysine and e-N- 
acetyl lysine from the copper complex of lysine. 
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2. e¢-N-acetyl-l-lysine is available for the growth 
of rats on a lysine deficient diet, whereas «-N- 
acetyl-l-lysine is not so available. 


One of us (A. N.) wishes to thank the Medical Research 
Council for a personal grant. 
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The Thermal Decomposition of Aneurin and Co-carboxylase 
at Varying Hydrogen Ion Concentrations 


By R. G. BOOTH, Cereals Research Station, Ministry of Food, Old London Road, St Albans 


(Received 1 July 1943) 


Molitor & Sampson [1936] have stated that pure 
aneurin (vitamin B, hydrochloride) in aqueous solu- 
tion at pH 3-5 may be heated to 120° without 
undergoing decomposition. Foodstuffs containing 
aneurin are rarely if ever prepared, cooked and 
eaten in such an acid condition, and this observa- 
tion, therefore, is nutritionally of little practical 
importance. Farrer [1941] has made an extensive 
study of the effect of pH’s ranging from 3 to 9 upon 
the destruction of aneurin in solution at 100° and 
finds that even at pH 3 there is 16 % loss after 1 hr. 
and 29 % after 3 hr. It may therefore be that assay 
methods were not sufficiently advanced at the time 
of publication of Molitor & Sampson’s work to indi- 
cate with certainty the small loss which it would 
appear probable had taken place. On the other 
hand, as will be discussed more fully later, the 
buffer used by Farrer may have contained im- 
purities which catalyzed the destruction which was 
noted. Beadle, Greenwood & Kraybill [1943] have 
verbally presented details of a study similar to that 
of Farrer, but a full account of their work has only 
just come to hand. 


Apart from these references to rate of destruction 
under specific and carefully controlled conditions 
and certain early studies [Chick & Hume, 1917; 
Sherman & Grose, 1923; Sherman & Burton, 1926; 
Guha & Drummond, 1929] there is little factual 
information in the literature on the subject apart 
from statements concerning losses on baking bread 
and in cooking a few other foodstuffs. In view of 
the fact that the fortification of foodstuffs with 
vitamins and other dietary essentials is being widely 
carried out (in respect of vitamin B, and other 
factors) it was considered desirable to determine 
such losses over a fairly wide range of conditions 
(but in the absence of oxidizing or reducing agents) 
which would serve to indicate the magnitude of loss 
to be expected in any non-pressure cooking or pre- 
paratory process (e.g. blanching) applied to food- 
stuffs. 

While wheat and some other cereals contain vita- 
min B, as hydrochloride only, in other vegetable 
(e.g. soya) and most animal products B, activity 
resides in the pyro-phosphoric ester (co-carboxylase) 
and/or monophosphate of the vitamin in addition 
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to the free non-esterified form. Also, when a fer- 
mentation process is applied to a foodstuff (e.g. 
panary fermentation), phosphorylation of its vita- 
min B, takes place. In view of the uncertainty as 
to the relative stabilities of free aneurin and co- 
carboxylase it was decided to compare them under 
identical conditions. Clearly, if there is any founda- 
tion for the suggestion of Rosenberg [1942] that the 
relatively high stability of vitamin B, in foods as 
measured by activity is due to the vitamin being 
present largely in this combined form, then, other 
things being equal, fortification of foods should 
preferably be carried out with co-carboxylase rather 
than with aneurin. 

The effect of metallic ions (especially Cu++) in 
catalyzing oxidation was also considered as a 
possible factor in the destruction of aneurin. There 
is no doubt that many of the more labile consti- 
tuents of foodstuffs may be profoundly affected 
during their cooking by the nature of the vessel in 
which the cooking is carried out. Therefore the 
effects of a number of metals of which cooking 
vessels are usually constructed or with which they 
are lined were compared at concentrations low 
enough to be of the same order as those which 
might be expected to occur in practice. Metals 
used in this connexion were Al, Zn, Sn, Fe, and Cu. 


EXPERIMENTAL 


Aneurin destruction. Glass distilled water was used 
throughout. Buffer solutions were made from Analar 
reagents as follows: 0-2M acid potassium phthalate; 
0-2M acid potassium phosphate; and a solution 0-2M in 
respect of both of the above salts. This latter mixed buffer 
was accurately calibrated tor addition of N/5 acid and 
alkali using an electrometric pH meter (quinhydrone elec- 
trode) accurate to 0-02 pH, and was used to cover a range 
of pH 5-4-6-8. The accuracy of buffers made from phthalate 
and phosphate separately (after the method of Clark & 
Lubs) was also regularly checked on the same meter. 

A solution of pure aneurin was prepared in glass distilled 
H,0 (previously acidified to N/25 with HCl) to a final 
strength of 40ug./ml. Such solutions have been found to 
be quite stable over periods of many months. 

Solutions of the following salts were prepared containing 
80 parts/million of the metal in each instance: CuSQ,, 
ZnSO,, FeCl,, FeSO,, SnCl,, Al,(SO,)5. 

Rate of destruction of aneurin was studied at pH’s 
ranging from 2-4 to 7-4, particular emphasis being laid on 
the pH 5-7 range in view of the relative rarity of foods 
falling outside this range. 

50 ml. of the appropriate buffer solution was taken in a 
250 ml. Erlenmeyer flask and was adjusted to the desired 
pH with N/5 HCl or NaOH. In all instances insufficient 
N/5 HCl was used by exactly 1 ml. (or excess N/5 NaOH 
by 1 ml.) in order to allow for the subsequent addition of 
dml. of the N/25 acid aneurin solution. In appropriate 
cases, 5 ml. of the metal solution were added, and then in 
all instances the volume of solution was made up to 195 ml. 
with H,O. One or two minute fragments of porous pot 
were added and the solution was quickly brought to boiling 
point, 5 ml. of the aneurin solution (containing 200yg., 
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i.e. giving a final concentration of lyg./ml.) were added 
and boiling of the solution was started immediately under 
reflux, an all-glass system being used. 

The time at which the aneurin addition was completed 
was noted and the contents of the flasks were sampled at 
the times indicated on the graphs of rate of destruction 
(Figs. 1-3)—usually after 4, 1, 14, 2 and 3 hr. Sampling 
was carried out by momentarily removing the source of 
heat from the flask, and then rapidly pipetting 20 ml. of 
the solution into a tube containing 1 ml. of conc. HCl 
immersed in cold H,O. By this means, destruction of the 
aneurin was immediately stopped. The final solution for 
assay even in the absence of destruction, would contain 
slightly less than lyg./ml., and this amount was deter- 
mined both theoretically and experimentally to serve as a 
‘control’ value and basis for assessing the percentage 
destruction which had occurred. Experimentally it was 
determined by rapidly bringing an acid solution of aneurin 
(pH 3, conc. 1 pg./ml.) to the boil and immediately pipetting 
20 ml. into 1 ml. of conc. HCl. Theoretical and experimental 
values agreed within the limits of experimental error. At 
the conclusion of the 3 hr. boiling, all solutions after 
cooling were checked for pH. In certain instances, buffers 
of double the above concentration were used. Rates of 
destruction of aneurin in these cases were identical with 
those obtaining with the lesser concentration and are 
therefore neither graphed nor considered separately. 

Co-carboxylase destruction. Co-carboxylase (aneurin pyro- 
phosphate) cannot be estimated by the thiochrome method 
until it has been split up into phosphoric acid and aneurin. 
The plan of the experimental work had therefore to be 
substantially altered to make possible the complete hydro- 
lysis of the ester before assay was carried out. 

All estimations of co-carboxylase destruction were made 
using the mixed buffer. The co-carboxylase used was sup- 
plied by Merck and Co., Inc. (U.S.A.) and a solution con- 
taining 800yg./5 ml. in N/25 HCl was prepared. The 
stability of this solution at room temperature was equal to 
that of aneurin solution under similar conditions—there 
was no loss after several months. In view of the fact that 
the co-carboxylase in this solution would become converted 
to monophosphate within a short time, experiments were 
carried out on old and freshly prepared solutions, i.e. on 
monophosphate and co-carboxylase, but no difference was 
found in their behaviour. It was therefore not considered 
necessary to use fresh co-carboxylase solutions for the work. 

The setting up of the flasks was substantially the same 
as for aneurin destruction experiments—40 ml. of buffer 
solution +the necessary amount of V/5 NaOH to give the 
desired pH (after the addition of the 5 ml. of N/25 acid 
co-carboxylase solution) +H,O to bring the total volume 
to 155 ml. The 5 ml. of co-carboxylase solution were added 
in a similar way to that described for aneurin, and 20 ml. 
portions were removed from the total volume of 160 ml., 
also in the same way as for aneurin. (Each 20 ml. of solu- 
tion, it should be noted, originally contained 100yg. of 
co-carboxylase.) Each portion was run into a 100 ml. flask 
containing sufficient N/5 HCl to bring the pH of the 
contents to 4+0-1, was diluted to approx. 50 ml. and as 
soon as its temperature had fallen to about 40°, 1 ml. of 
a solution of taka-diastase in 15% ethanol (representing 
50 mg. of the Parke Davis standard dry substance) was 
added. Incubation at 37° overnight (16 hr.) brought about 
complete hydrolysis of the co-carboxylase; after coming to 
room temperature the contents of each flask were made up 
to 100 ml. and was assayed. 
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Vitamin B, assay. Vitamin B, assay was carried out by 
a photoelectric procedure substantially the same as has 
been detailed elsewhere [Booth, Nicholls, Kent-Jones & 
Ward, 1942]. This method has been shown [Coward, 1943] 
to have limits of error for pure solutions of aneurin of the 
concentrations encountered here as follows: 


No. of estimations P=0-95 P=0-99 
In duplicate 1-98 % 2-60% 
In triplicate 1-62% 2-12% 
In quadruplicate 1-40% 1-84% 


In a number of instances the boiled buffer + aneurin 
solutions containing aneurin decomposition products were 
exposed to ultra-violet light in order to ascertain whether 
thiochrome was formed during the boiling, but in no 
instance was this the case nor was any fluorescence observed. 
The same was true of isobutanol extracts from these solu- 
tions. It was therefore considered unnecessary to carry 
out unoxidized ‘control’ estimations to any considerable 
extent, as the ‘control’ values were both very low and 
uniform. 

Each point on the curves represents the average of at 
least six separate determinations. Replicates agreed very 
well; only occasionally a phenomenally high rate of de- 
struction was noted. This so far unexplained circumstance 
has been observed also by Dawson [1943]. Despite all 
reasonable precautions being taken, an occasional flask 
showed marked acceleration of destruction, this not un- 
commonly being at double the rate normally observed. 
It was considered that this might possibly be due to dis- 
solved O,, but bubbling N, through the solution for 20 min. 
before carrying out an experiment did not prevent the 
occurrence of occasional freak destruction rates. Once 
brisk ebullition has commenced with consequent rapid loss 
of dissolved gases the risk of oxidation due to dissolved O, 
rapidly diminishes [Mapson, 1941]. Therefore as a further 
check the buffer solution was boiled under reflux for $ hr. 
before adding a solution of aneurin made up in previously 
boiled N/25 acid, the experiment being otherwise continued 
in the usual manner. Again, the absence of O, from the 
solution had no effect upon destruction rate. 


RESULTS 


In addition to the data presented graphically 
(Figs. 1-4), further figures were obtained which are 
not inserted on the graphs in order to avoid con- 
fusion. 

Within the limits of experimental error, no effect 
was observed upon the rate of destruction of 
aneurin at pH 5-4 in mixed M/20 phosphate- 
phthalate buffer by the addition of 2 parts/ 
million of Zn, Fet++, Fe+++, Sn and Al, but Cu 
caused it to be markedly accelerated. In view of 
the greater rate of destruction of co-carboxylase as 
compared with aneurin under identical conditions, 
it was considered possible that the co-carboxylase 
contained an impurity which catalyzed destruction. 
Addition of co-carboxylase to aneurin solution at 
pH 5-4 at the rate of ly of co-carboxylase/ly of 
aneurin/I ml., however, failed to accelerate the 
destruction of the aneurin. The removal of O, from 
the buffer solutions (prior to addition of aneurin 
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solution), either by bubbling of N, for 20 min. or 
by boiling under reflux for } hr., affected neither 
the rate of the destruction at pH 5-4 during } hr. 
(when under the particular experimental conditions 
the maximum effect would be expected), nor the 
total amount of destruction during 3 hr. boiling. 


DISCUSSION 


It is clear both from the shape of the graphs and 
also from the evidence in respect of dissolved gases 
that primarily the destruction of aneurin at 100° is 
thermal and is affected by pH;; it is not an oxidative 
effect. The stability of aneurin in solution at room 
temperature at low pH’s where no protection is 
given against atmospheric oxidation also supports 
this view. Nevertheless, as Cu is able to catalyze 
destruction, it would appear that oxidation can be 
involved. From the point of view of food pro- 
cessing, therefore, minimal loss of aneurin is 
achieved by the employment of as low a pH as is 
practicable coupled with the avoidance of contact 
with Cu and with the minimum exposure to high 
temperature during cooking. 

It will be noted that where their respective pH 
ranges overlap, there is a considerable difference 
between rate of destruction in phosphate and 
phthalate buffer (compare Figs. 1 and 2). When 
Fig. 3 (mixed buffer) enters into the comparison it 
becomes clear that phosphate exerts a protective 
effect of some kind, as destruction in the presence 
of phthalate is lessened by the simultaneous pre- 
sence of phosphate. 

On comparing the relative rates of destruction of 
co-carboxylase and aneurin under identical condi- 
tions, it is evident that the former is very much less 
stable than the latter. The reason for this is obscure, 
but it is quite definite and unmistakable and dis- 
poses of the hypothesis of Rosenberg [1942] pre- 
viously mentioned. It furthermore rules out the 
desirability on other grounds of using co-carboxy- 
lase in lieu of aneurin for fortifying foodstuffs. 

It will be noticed that Farrer [1941] obtains 
destruction rates (using citrate, phosphate and 
biborate buffers) in most cases roughly double those 
reported here. He also mentions that his figures 
‘show that aneurin is considerably more vulnerable 
to heat than results obtained by means of animal 
experiments would suggest’. While the figures re- 
ported here are still somewhat in excess of those 
reported by Sherman & Burton [1926], concordance 
is very much greater. It must also be borne in mind 
that Sherman & Burton’s figures were obtained at 
a time when biological assays were not susceptible 
of the accuracy obtainable at present and in fact 
at a time when differentiation of the B group of 
vitamins had not gone very far. 

The shape of the curves in Fig. 2 is worthy of 
comment—so far no reasonable explanation has 
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Fig. 1. Destruction of aneurin in 
boiling phthalate buffer. 
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Fig. 3. Destruction of aneurin in boiling mixed (phos- 
phate + phthalate) buffer, with and without 2 p.p.m. Cu. 
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Fig. 2. Destruction of aneurin in 
boiling phosphate buffer. 
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Fig. 4. Destruction of co-carboxylase in boiling mixed 
(phosphate + phthalate) buffer. 
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been found for the pronounced sigmoidal tendency 
at pH’s 5-8 and 6-0, nor for the peculiar ‘step’ in 
the 6-4 curve. 

While it is evident that to apply the figures pre- 
sented here, obtained under rather artificial condi- 
tions, to foodstuffs in general would be unwarrant- 
able, nevertheless there is evidence that they give 
a reasonable indication of the order of loss to be 
expected. For example, Moir [1942] finds a loss of 
5-10 % of aneurin in oatmeal on boiling for 30 min., 
while he reports the pH of oatmeal to approximate 
closely to 6. Slater & Rial [1942] also find a small 
amount of destruction in domestic cooking of 
porridge. A rough average of the figures indicated 
by Figs. 1-3 gives an expected loss of about 12 %— 
if speculation may be allowed, the possibility of the 
antioxidant in-oats reducing destruction, and/or 
the fact that porridge is not briskly boiled and may 
therefore fall short of 100° might be considered. 
Dawson & Martin [1941] find a loss of 8 % of vita- 
min B, in breadmaking, Hoffman, Schweitzer & 
Dalby [1940] find 5-9%, Aughey & Daniel [1940] 
find 14% loss, while Schulz, Atkin & Frey [1942] 
place baking loss at approximately 20%, which at 
a pH of approximately 5-7—5-8 again agree well 
with the order of loss indicated here. 

Aughey & Daniel [1940] also studied aneurin 
losses on cooking vegetables and determined pH’s 


of the cooking liquors in some cases. While such 
pH’s may not adequately represent the pH of the 
foodstuff cooked, significant support is given for 
the validity of the figures in Figs. 1-3 by pH and 
heat losses on cooking peas (9% loss on simmering 
12 min. at pH 6-4) and snap beans (18% loss on 


1943 


simmering 40 min. at pH 5-8). A peculiar feature 
of their series of results is the rather inexplicable 
absence of destruction of aneurin in navy (dried) 
beans cooked for almost 1} hr. 

The increase in destruction of aneurin in foods 
occasioned by the addition of sodium bicarbonate 
is well known (e.g. Aughey & Daniel [1940]; Fincke 
[1941]; Barackman [1942]) and can be completely 
accounted for by the pH shift which it causes. 


SUMMARY 


1. The destruction rates of aneurin and co- 
carboxylase in various, buffers at 100° have been 
followed by means of the thiochrome method of 
estimation. 

2. The effect of traces of various metals and of 
atmospheric oxygen upon the destruction rate have 
also been compared. 

3. Co-carboxylase is very much more thermo- 
labile than aneurin at the same pH. 

4. While Cu at the rate of 2 parts/million 
catalyzes the destruction of aneurin, Fe, Al, Zn, 
and Sn do not. 

5. Destruction of aneurin appears to be for the 
most part non-oxidative in nature. 

6. Comparison of the figures obtained in (1) with 
published figures by other authors of losses on 
cooking various foodstuffs shows reasonably good 
agreement. 


My thanks are due to Dr T. Moran and Prof. R. 4. Peters 
for their advice and criticism and to the Misses Maureen 
O’Sullivan and Rosemary Broome for technical assistance. 
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